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AN OIL SPILL AFFECTING CORAL REEFS AND MANGROVES
ON THE CARIBBEAN COAST OF PANAMA

John D. Cubit, Charles D. Getter,,
Jeremy B. C. Jackson, Stephen D. Garrity,;
Hugh M. Caffey, Ricardo C. Thompson,
Ernesto Weil, Michael J. Marshall
Smithsonian Tropical Research Institute
Apartado 2072, Balboa, Republic of Panama

ABSTRACT: In April 1986, more than 50,000 barrels of medium
weight crude oil were spilled into the largest complex of coral reefs and
mangroves on the central Caribbean coast of Panama. Considerable
amounts of oil came ashore at Punta Galeta, where a long-term en-
vironmental sciences program of the Smithsonian Tropical Research
Institute provided extensive baseline information for investigating the
effects of the oil spill. Immediate mortakty was most apparent for
organisms living at the seaward edge of the reef flats and on drying
substrata above mean water level. By June 1986, a number of reef
species were reduced in abundance, and a bloom of microalgae grew
over much of the reef flat that had been directly exposed to the oil at low
tide. The abundances of some fast-growing algae appeared to have
recovered by September 1986, but the slower-growing corals, zo-
anthids, and calcareous algae were at the lowest abundances recorded.
Defoliation and mortality of mangroves, pariicularly Rhizophora man-
gle, was severe on windward coasts and other areas where the oil
penetrated into sediments around the mangrove roots. Oysters and
other organisms living on mangrove roots also suffered severe mor-
tality. The types of habitats and organisms affected were obviously
dependent on the particular weather conditions during the oil spill.
Studies are continuing to follow succession and other changes in sea-

. grass meadows, coral reefs, mangrove forests and associated habitats
that were affected by the oil.

On April 27, 1986, an estimated 50,000 barrels of medium-weight
crude oil spilled into the sea on the Caribbean coast of Panama. By
September 1986, the oil had contaminated coral reefs, algal flats,
scagrass beds, mangrove forests, small estuaries, and sand beaches.
The biological reserve and research areas at the Smithsonian Tropical
Research Institute's laboratory at Punta Galeta received substantial
amounts of oil. Extensive environmental monitoring data and other
detailed information about the areca before the spill provided a rare
opportunity for examining the ecological effects of the oil. In this
paper we briefly describe the spill and give a preliminary account of
its effects.

The spill occurred at Refineria Panam4 (a subsidiary of Texaco,
Inc.), located on Payardi Island (Lat. 9° 24’ N, Long. 79° 49’ w),
about 12 km northeast of the City of Colén (Figure 1). About 240,000
barrels (1 barrel = 159.6 liters = 42 gal) of oil drained from a ruptured

1. Also, 915 Academy Street N.E., Salem, Oregon 97303
2. Also, Department of Zoology, University of Rhode Island, Kings-
ton, Rhode Island 02881
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storage tank into a surrounding impoundment. About 140,000 barrels
broke through a containment dike and overwhelmed separators and
aretaining lagoon. Refinery personnel originally estimated that about
35,000 to 50,000 barrels escaped into Bahia Cativ4, the bay on the
west side of Isla Payardi (quantities from R. Morales and A. Lasday,
Texaco, Inc.). The recovery of more than 48,000 barrels of cleaned oil
from the sea (R. Morales, pers. comm.), plus the probable losses
from evaporation, suggest the initial spill was at least 55,000 to 60,000
barrels. An undetermined amount of oil continued to escape into the
sea from seepage through the porous, coral landfill beneath the re-
finery. The oil type was 70 percent Venezuclan crude and 30 percent
Mexican Isthmus crude, with a specific gravity of 27° API at 15.6° C
(=0.89 gm/cm (R. Morales, pers. comm.)).

For six days, onshore (northerly) winds pushed the oil into the head
of an adjacent bay, Bahia Cativa. On May 4, 1986, refinery personnel
reported that rainfall and shifting winds moved a large quantity of oil
out to sea, where it could not be controlled by means that were
available locally (R. Morales, pers. comm.). For the next two weeks,
onshore winds concentrated the oil along the coast, at the heads of the
bays, and in estuaries where land-based crews could contain and
collect it. Lack of rain minimized flushing from the estuaries. Re-
finery officials estimate that more than S0 percent of the oil lost to sea
was recovered during these favorable conditions. Eventually, shifts of
winds moved part of the unrecovered oil out to sea and along the
coast. Oil sheen extending from the spill was observed on the open sea
over the region from Bahia Limoén to the town of Nombre de Dios,
a distance of about 60 km.

Except for the areas of deeper water in Las Minas Bay and Cativa
Bay, collection of the oil was mostly limited to areas that are acces-
sible by road. Much of this region is roadless, and pockets of oil
remained in lagoons and mangrove inlets that were too shallow to be
reached by conventional boats. A Hercules C130 transport plane and
a Cessna crop duster also sprayed the dispersant Corexit 9527 (Exxon
Chemical Americas, Houston, Texas) on oil slicks. The total amount
of Corexit sprayed has not yet been determined, but refinery officials
estimated the quantity at less than 21,000 liters (A. Lasday, pers.
comm.).

In surveys on foot, in small boats, and from low-flying aircraft, we
have seen oiled shoreline from the Chagres River to the north shore
of Isla Grande, a distance of about 85 km (Figure 1). The most heavily
oiled shoreline was between Isla Margarita and the Islas Naranjos; as
of August 1986, only two areas within this region appeared not 1o be
contaminated with oil. Both were mangrove-lined lagoons, one be-
tween Isla Margarita and Isla Galeta, and the other in the uppermost
reaches of the unnamed bay south of Isla Pefia Guapa. Natural barri-
ers, augmented by floating booms at Isla Margarita, protected these
areas.
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Yigure 1. Map of the Caribbean Coast of Panama4, between the City of Col6n and Isia Grande—On April 27, 1986, crude oil spilied from a ruptured
torage tank at Refineria Panama, S. A. The Smithsonian Tropical Research Institute marine laboratory is at Punta Galeta.

Habitats and species affected

The oil refinery is located within a complex maze of coral reefs and
coral islands with shallow lagoons, sand beaches, coconut groves, and
mangrove forests. Small estuaries exist along the shore. Much of the
shoreline is drying (intertidal) reef flat. This is the largest area of
mangrove-reef complex on the central Caribbean coast of Panama.
The total area of land and water encompassed by the oil spill was
about 40 km?, which includes about 16 km* of mangroves and 8 km*
of coral reefs. The actual area or length of coastline covered by oil is
difficult to determine precisely because of the intricate channels and
shorelines, and the undetermined penetration of oil into the man-
grove forests.

Mangroves. Of the four common mangrove species that occur in the
area of the oil spill, the red mangrove (Rhizophora mangle) is the
most seaward in occurrence, and makes up nearly all of the fringing
forest. The prop roots of these trees form thickets that line much of
the shoreline within the range of the spill. Overflights in June and July
1986 showed that more than 15 km of this shoreline between Isla
Margarita and Maria Chiquita was oiled. On the open coast, a tarry
residue coated the roots and lower leaves of these trees between
lowest low water and the upper reaches of the splash zone (about 60
om vertical extent). White mangroves were also exposed to oil, es-
pecially where the oil penetrated deeper into the forests. Our studies
have concentrated on two aspects of the mangroves: the communities
of plants and animals that inhabit the roots of the red mangroves and
the mangrove trees themselves.

Sessile organisms on mangrove roots. The labyrinthine prop roots of
the red mangroves serve as firm substrata or refugia that support a
number of plants and animals. For example, at Punta Galeta, the prop
roots of the red mangrove are the habitat for 127 species of animals
and 43 species of algae, some of which are specialized for this habitat.’
Before the oil spill the abundances of oysters, mussels, algac, and
other organisms living on mangrove roots had been surveyed in three
types of habitats (open coast, channellagoon, and riverine), each
with a distinctive biotic community. In each habitat, approximately
100 roots (submerged but not firmly anchored to the bottom) were
randomly chosen and the relative cover of organisms estimated. After
the spill, the surveys were repeated in both oiled and unoiled sites.

Before the spill (1981-1982), the mussel Mytilopsis domingensis
covered about 50 percent of the root surface in the riverine habitats
(Table 1). The barnacle, Balanus improvisus, was present in each
survey, but varied in mean cover from a low of 2 percent in June 1982
to a high of 18 percent in January 1981. The overall mean of algal
coverage was 6—9 percent, which was formed of 3 to 10 species. Bare
space averaged 20-40 percent. In unoiled sites after the spill (July
1986), the average space occupancy in most categories was roughly
similar to that of 1981-1982. Only Myrilopsis was less abundant (mean
cover = 32 percent) than in 1981 or 1982. In oiled sites, the amount of
bare space (microbial slime and oil are included in this category)
averaged 85 percent. The rest of the space was occupied by dead and
decomposing organisms (Table 1).

On channel roots before the spill, Mytilopsis formed a mean cover
of 8-12 percent and the edible oyster Crassostrea rhizophorae covered
most space (mean cover = 4662 percent). Two other bivalves (the
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Table 1. Abundances of major organisms on Rhizophora prop roots before and after the oil spill (N is the number of roots sampled.)

o
Percent coverage: mean (range) o
Habitat and July 86
organism Sep 81 Jer 82 Jun 82 Unoiled Oiled
Riverine
Mytilopsis
alive 53 (0-86) 47 (0-80) 49 (0-81) 32 (0-90) 0
dead 1(0-12) 11 (0-75)
Balanus
alive 6 (0-75) 18 (0-90) 2 (0-18) 11 (0-82) G
dead 0 3 (0-33)
Algae 7 (0-22) 9 (0-41) 6 (0-14) 10 (0-62) 0
Bare 30 (0-99) 20 (0-95) 40 (7-89) 25 (0-95) 85 (5-100)
N 51 49 25 92 100
Channel
Crassostrea
alive 46 (0-80) 56 (0-96) 62 (0-100) 36 (0-100) 0
dead 0 21 (0-100)
Isognomon
alive 6 (0-20) 5 (0-16) 3(0-12) 2 (0-16) 6 (0-63)
dead 0 2 (0-18)
Mytilopsis 12 (0-30) 11 (0-28) 8 (0-24) 6 (0-82) 4 (0-35)
Brachidontes 2 (0-15) 2 (0-12) 3(0-12) 6 (0-53) 1 (0-6)
Balanus 15 (0-30) 10 (0-32) 9 (0-36) 6 (0-26) 1(0-21)
Algae 1 (0-10) 2 (0-8) 3(0-12) 8 (0-87) 7 (0-71)
Bare 13 (0-100) 10 (0-100) 10 (0-10) 14 (0-81) 6 (0-45)
Diatoms 11 (0-100) 29 (0-100)
N 48 46 25 100 100
Open coast
Diatoms 25 (0-100) 5 (0-55) - 70 (8-100)
Sponges 5 (0-40) 6 (0-54) - 1 (0-78)
Hydroids
alive 5 (0-45) 3(0-22) - 2 (0-80)
dead - 3 (0-55)
Foliose
algae 29 (0-100) 47 (0-100) - 21 (0-100)
Bare 32 (0-100) 31 (0-100) — 2 (0-25)
N 50 50 100

oyster, Isognomon alatus and the mussel, Brachidontes exustus) were
always present in relatively low abundance (Table 1). Balanus im-
provisus averaged from 9-15 percent cover, and the smaller bamnacle,
Chthamalus sp., covered an average of 2-5 percent space on roots.
Other sessile organisms (sponges, bryozoans, hydroids, algae) aver-
aged only 1-3 percent cover. Prior to the oil spill, the bare space on
roots in this habitat averaged 10-13 percent of the total area. Post-
spill changes were less obvious on channel roots. Crassostrea’s cover
decreased from 1981-1982 levels in both oiled and unoiled areas, but
more so where roots were oiled. Most other invertebrates also de-
clined from 1981-1982 levels of abundance (Table 1). Algae increased
in relative cover in both oiled and unoiled areas, compared with
1981-1982 data.

Before the oil spill, open coast mangrove roots had about 30 per-
cent bare space on their roots (Table 1). These differed from roots in
other habitats by the absence of a dominant bivalve; instead, a diverse
array of foliose algae covered a mean of 29-47 percent cover. Several
species of hydroids and sponges averaged from 3-5 percent and 5-6
percent cover respectively. Open coast mangroves are presently being
monitored. No unoiled roots have yet been examined; however, data
from 100 oiled roots suggest a diatom bloom and a concomitant de-
crease in sponges and in some species of algae and hydroids (Table 1).
The shells of the mangrove snail Lirtorina angulifera were coated with
oil, but the snails moved out of the oily areas and into the higher parts
of the mangrove trees. Additional measurements are being made of
size-frequency distributions and ash-free dry weights of the species
living on the roots in all mangrove habitats.

Mangrove trees. Acrial surveys in June and July of 1986 showed
defoliated mangrove trees and trees with yellowing leaves along the

borders of Bahia Cativ4 and on the northern portions of the islands
and headlands between Punta Muerto and Punta Galeta. The stress
and defoliation of the mangroves tended to be concentrated where the
trees were rooted in a berm of intertidal sediments. In most places,
the berm apparently intercepted and partially absorbed the oil, block-
ing further movement of oil into the forests.

Monthly surveys are being made of mangroves in oiled and unoiled
habitats. The variables used to quantitatively describe the structural
characteristics of the mangrove communities are individua!l tree loca-
tion, species composition, diameter at breast height (DBH), tree
height, leaf area index (LAI), phenology, canopy density, growth of
respiratory organs, and rate of litter fall. In addition, the leaves from
randomly chosen trees are evaluated for phenology, longevity, struc-
ture, herbivory, and deformities. Groups of red mangrove propagules
also have been planted and are being monitored monthly for sprout-
ing success, height, leaf number, phenology, and leaf structure.

Transect surveys were made of the mangrove forests in September
1986. In heavily oiled sites, there was complete defoliation of trees in
inner fringe and outer fringe forests that were rooted in the intertidal
sediments. Trees of the inner fringe, but not the outer fringe, that
were rooted in subtidal sediments suffered less defoliation. As of
September 1986, the trees rooted in the supralittoral sediments of the
oiled region had suffered less defoliation than the trees rooted at
lower levels (Table 2).

Reef flats. In the heavily oiled region, platforms of fringing reefs
form extensive shallow habitats covered with algae, scagrasses, and
invertebrates. In the early days of the oil spill, between 10 and 19
May, extreme low tides exposed the reef flats above water level during
warm, sunny weather. Driven by onshore winds, the oil accumulated
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able 2. Leaf area indices and percent defoliated trees in three
mangrove transects

Forest type in transect
Lightly oiled

Heavily oiled

Reference Inner Outer
forest fringe fringe

{ area index
ubtidal 2.4 1.2 0
ntertidal - 1.7 0 0
upratidal 1.2 29 0.9
cent defoliated trees
Jubtidal 0 27 100
(ntertidal 0 100 100
Supratidal 8 0 0

1inst the scaward borders of the reef flats where it remained for

: duration of the low tides. By early June, a band of substratum

0 3 m wide at the reef edge was nearly barren of the normal

iemblage of sessile invertebrates and algae, which contributed to

: lower abundances of organisms in the quantitative sampling de-

ibed below.

As part of a larger-scale monitoring program, we have surveyed the

verage of organisms at the seaward edge of the reef 16 times in the

riod between March 1983 and December 1984. These surveys were
peated to compare changes before and after the oil spill. The sur-

ys consisted of 10 transects, 9 to 22 m long (average length, 18 m),
aich were perpendicular to the reef edge and spaced randomly with-

20 m intervals. Using point sample methods, we determined the
:atial coverage of organisms on the substrate. (The method used
ndom points in sets of 5 per 0.5 m interval.) The number of points
umpled per survey ranged between 1,510 and 1,560.

By the first week of June 1986, visual inspection of the reef edge
>ne showed that it was being colonized by a thin, transparent mat
[ algae. In a microscopic examination of a systematic collection of
1ese algae, the mat was mainly Cladophora sp., Enteromorpha sp.,
nd (mostly epiphytic) diatoms. By the last week of June, the mat
ad become a thicker assemblage of Cladophora, Centroceras, and
iatoms, overgrowing both the vacated substrata and the sessile or-
anisms that had survived the oil spill. At this time, this algal mat
overed more than 54 percent of the hard substratum-—more than 4

times the average abundance, and almost twice the maximum abun-
dance, measured in pre-spill surveys (Table 3).

The two common species of zoanthids on the reef flat, Palythoa
caribaeorum and Zoanthus sociatus were less abundant after the oil
spill. The reef flat population of Palythoa caribaeorum was concen-
trated in the area where the oil accumulated at low tide. Before the
oil spill, its coverage ranged between 1 and 2 percent averaged over
the whole transects, or 10 to 12 percent in a band 2 m wide at the
scaward fringe of the reef flat. In June 1986, the overall spatial cov-
erage of this colonial cnidarian was about 0.12 percent, or less than
one tenth the average pre-spill abundance. By September 1986, the
coverage had increased to 0.25 percent, still less than at any time
before the spill. The population of Zoanthus sociatus extended land-
ward of the Palythoa population, but was not entirely outside the zone
of direct oiling. In the post-spill censuses, the abundances of Zoanthus
were also below the minimum recorded before the spill (Table 3).

Within the areas of the surveys, most of the Porites spp. (sclerac-
tinian corals) were found in the same habitats as Palythoa. Averaged
over the whole length of the transects, the percent coverage of Porites
spp. in aggregate was less than 1 percent of what it had been in the
pre-spill surveys, but the corals were always present. No Porites were
found in the post-spill surveys.

The abundance of crustose coralline algae, the main reef builders
at the reef crest,' also decreased in the aftermath of the oil spill. Like
the Palythoa and Porites, the peak abundance of these algae was at
the seaward border of the reef flat, forming an average cover of more
than 25 percent before the spill; this corresponds to 8-9 percent cover
averaged over the whole length of the transects. In June 1986, the
overall cover was measured as 2.24 percent cover overall, which in-
creased by September 1986 to 5.7 percent cover. Both post-spill mea-
surements were lower than any made in the 16 surveys before the oil
spill.

In June 1986, the percent coverage of the calcareous green alga
Halimeda opuntia was lower than average, but within the range of
values recorded in the pre-spill surveys; however, in September 1986
the coverage was about half that measured in June, which was the
lowest abundance ever recorded (Table 3). Besides the possibility of
delayed mortality, this may have been the result of the time it takes
for this tough alga to slough off the substratum after dying. Over-
growth by fleshy red algac aiso may have reduced the actual or
apparent coverage of Halimeda opuntia.

The fleshy red alga Laurencia papillosa was the predominant ‘alga
at the edge of the reef, where it formed extensive mats ranging be-
tween 22 to 62 percent average overall coverage, and 1 to 4 cm in
average overall thickness, depending on the season. In June 1986, the
overall cover was 19.9 percent, and the thickness was 0.77 cm, cach

Table 3. Comparisons of spatial coverage, algal thickness, and species counts at the seaward edge of the Galeta reef flat,

before and after the oil spill
Pre-spill Post-spill
1983 1984 ) 1986
Organism Mar Apr  May Jun Sep Oct Feb Mar Apr May Jun Jul Sep Oct Nov  Dec Jun Sep
Percent cover
Palythoa 150 131 137 105 119 147 173 141 167 147 167 173 147 180 167 18 013 026
Zoanthus 537 429 441 523 491 44 419 451 489 507 473 565 579 608 525 518 393 375
Porites 08 0S8 031 048 027 027 016 030 031 011 032 041 031 042 022 041 0 0
Crustose
corallines 699 633 849 758 801 660 840 929 1103 1128 801 1006 1083 1070 769 647 224 570
Halimeda 711 871 911 832 38 704 748 591 553 492 423 475 391 495 466 454 405 202
Microalgal
mat 320 601 529 536 715 365 314 224 686 1423 2827 1628 1442 1205 1115 936 5417 18.40
Acantho-
phora 1.7 123 09% 0O 244 1.8 308 226 O 018 023 111 161 014 38 200 218 247
Laurencia 45.49 36.41 43.40 3085 5570 61.86 48.65 4558 2231 28.08 29.29 33.53 40.06 39.42 4827 57.24 19.94 54.23
Thickness of
Laurencia
mat 306 201 215 137 35 376 233 187 114 117 106 130 134 130 18 250 077 224
Total
species 23 21 23 13 20 21 21 20 19 25 21 20 23 21 23 21 14 19
Sample size
(total
points) 1530 1530 1530 1530 1510 1560 1560 1560 1560 1560 1560 1560 1560 1560 1560 1560 1560 1560




measure lower than in any previous survey. However, by September
1986, the coverage of the mat had increased to 54 percent and the
thickness to 2.24 cm, both of which were higher than the pre-spill
averages. The coverage of a similar fleshy red alga Acanthophora
spicifera was also higher than average in the post-spill surveys.

Before the oil spill, the counts of sessile species that could be
recognized in the ficld ranged between 13 and 25 total species per
survey and averaged 23 species per survey. In June 1986, the count
was 14 species; in September 1986, 19 species (Table 3).

The abundances of sea urchins at the reef edge also declined im-
mediately after the spill. As part of a larger monitoring program,
censuses of all species of sea urchins are made approximately once per
month at the reef edge. Echinometra lucunter and E. viridis are the
predominant specics in this zone. In nine years of surveys, these
urchins were generally most abundant between March and June,
when E. lucunter may reach population densities of 1,000-2,000 indi-
viduals per 20 m? according to Cubit, et al.* As the oil began coming
ashore at Punta Galeta in early May 1986, the population densities of
E. lucunter and E. viridis had reached 308 and 56 urchins per 20 m?,
respectively. By the end of May, the densities were 54 and 8 urchins
per 20 m?, respectively. The numbers of urchins increased in the
following months (Table 4), but were less than the seasonal average
for previous years.?

In addition to the studies reported above, we are continuing surveys
of spatial coverage of algae, scagrasses, and sessile invertebrates on
the whole reef flat, together with various types of population surveys
of sea urchins, stomatopods (mantis shrimp), and gastropods.

Subtidal reefs. As of August 1986, numerous colonies of shallow
water corals were dead or dying in depths of 1 to 2 m in the heavily
oiled areas. In quadrat sampling, the proportion of dead or dying
colonies averaged between 17 and 30 percent on oiled reefs, and was
0 percent on unoiled reefs (see Table 5). Surveys of corals are continu-
ing and include repetitions of surveys that were first made along the
coast before the oil spill. These will provide data about coral abun-
dances before and after the spill in areas inside and outside the oiled
region.

Discussion

The oil spill has affected several different tropical marine com-
munities, each of which is dominated by a group of organisms, such
as corals, mangrove trees, and algae, that provide the primary local
structure of their habitat. The relevant questions are: what will hap-
pen to these communities following disturbance by oil, and how long
(if ever) will it take them to recover? Answers will depend on the
species affected as well as on the nature of the disturbance. For
example, corals are very long-lived and rates of recruitment and re-
covery in disturbed areas may require decades.® In contrast, man-
grove roots are relatively short-lived habitats whose inhabitants rou-
tinely recruit, grow, and mature within a few years," so that recovery
from disturbance should be more rapid than for corals unless the roots
themselves are too severely altered or destroyed, or widespread mor-
tality of the epibionts has eliminated the source of recruits.

Chronic, long-term, contamination also may affect biological
changes in the aftermath of this spill. The heavily oiled mangroves and
the coral fill beneath the oil refinery may leak oil to adjacent environ-

Table 4. Population densities of Echinometra lucunter and E. viridis
in censuses at the seaward edge of the Punta Galeta reef flat—
Densities are in number of animals per 20 m*. Heavy oiling
of Punta Galeta began on May 8, 1986.

Date of census (1986)

Feb Mar Apr May May Jun Jul Aug Sep
Species 19 12 9 8 31 20 21 22 22

Echinometra
lucunter 20 68 127 308 54 132 137 138 160
Echinometra
viridis 1 1 S 56 8 20 23 21 21
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Table 5. Percentage of the colonies of the coral Sidertstrea-siderec
showing recent partial mortality of tissue in habitats exposed
to different amounts of oil—The number of corals observed

{is shown in parentheses.

Percentage of partially
dead colonies;

Amount of oiling Number Depth
in habitat, of reefs <lm 1-2m
Very heavy 4 30 (331) 17 (155)
Heavy 2 25 (145) 2 (23)
Moderate/light 2 17 (166) 17 (133)
None 4 0(354) 0 (138)

1. Arbitrary ranking based on observations from overflights, photo-
graphs, visits to sites, early path of the oil, and distance from the
refinery

2. The criterion for recent mortality of tissuc was growth of a mi-
crobial film over obviously decaying coral tissue

ments for years to come. At the end of September 1986, five months
after the initial oil spill, black oil slick was still present around the
mangroves in Bahia Cativ4, and translucent oil sheen was present
daily at Punta Galeta.

In following the course of the spill, it was apparent that the spatial
pattern of oil contamination and the types of organisms affected were
very much dependent on the peculiar weather at the time of the spill.
The usual rains and shifting winds for the season when the spill
occurred would have carried more oil out of the bays and along the
coast; instead, ascasonal northerly winds held the oil relatively near
the refinery. Higher water levels, such as those normal for November
through February, would have protected organisms at the seaward
edge of the reef, but would have allowed the oil to penetrate more
deeply into the basin habitats of the mangrove forests, causing man-
grove death over a greater area. Because of the season, we have seen
few oiled birds to date. Most of the migratory shorebirds and ospreys
that forage around the reefs had departed northwards a few wecks
before the spill. Few swimming and diving birds are resident in this
area; however, as of September 1986, considerable oil remained in
habitats that are winter feeding grounds for North American shore-
birds, which may cause chronic oiling of wading and swimming species
when they return. Thus, applying the information gained from this oil
spill to others must take into account the circumstances of weather
and season.

If mortality follows stress and defoliation of the red mangroves, the
impact may be much wider than loss of the trees themselves. The
thickets of prop roots of this species serve as breeding and nursery
arcas for many marine sPecies, and as substrata and shelter for a
diverse group of others, 41213 including economically important spe-
cies of fish, molluscs, and crustaceans. ' Sediment now retained by the
root masses could be released if the roots decompose, which is a
potential threat to nearby corals and other organisms that are
intolerant of siltation.

Although mangroves are ecologically important and ranked among
the coastal environments most sensitive to oiling,” there has been little
rescarch involving the effects of oil on mangrove root communities.
Cairns and Buikema® define mangroves as one of the research areas
for which the fewest data on oil effects exist.

The state of knowledge for the effects of oil on shallow beds of algae
and seagrass flats is worse. The National Research Council"’ describes
the situation as “totally neglected,” even though these habitats are
“highly vulnerable to oiling,” a ranking with which Gundlach and
Hayes’ concur. The beds of seagrasses and algac in warm, shallow
water typically exhibit rates of primary productivity per unit area that
arc among the highest of all ecosystems measured.” In situ mea-
surements with flow respirometry at Punta Galeta show that such
rates of productivity are maintained even through seasons of stressful
conditions.® Like mangroves, seagrasses and rhizophytic algae are
cffective in controlling erosion.'

The data base accumulated at the Galeta Marine Laboratory in-
cludes extensive information about the marine biota, as well as mete-
orological and hydrographic factors. Estimating the effect of oil spilis
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>ften hampered by the lack of any ecological baseline information
it allows scientists to make beforc-and-after comparisons or put
:ir shorter-term findings into longer-term contexts. The data base
Galeta provides both a measure of what organisms were in the
allow marine environments before the spill, as well as estimates of
tir natural variations in distribution, abundance, and growth rate—
ta that are necessary to distinguish changes caused by oil from the
anges that occur naturally.
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OBSERVATIONS ON O1LED REEFS

Moet of the shallaw water scleractinian corals and other groups
of corganmisme shaowed signs of “strees". In fact a great number of
corale were cying irn areas close to the refirery by the time
these sampling took place.

The commer; challow water ecleractinians in the area are :

Siderastrea siderea, S.radians, FPorites astrecides, P.furceta,

oLoporites, Diploria striposs, and D.clivosa. From these,

S.giderea and D.gtrigasa are the more abundant species and the
ones that showed more frequency of recently dead areas and/or

actually bleaching zones.

i.- Eleached area:

Gerierally the upper (closest to the water surface) area
=f the coral colony showed signs  of recently death, clean areas
dev=id of coral tissue or covered by a thin layer of filamentous
algae and diatoms. Microarchitectural features appear intact or
irn very good corditions, no signs of bicerosion or physical decay
means recent mortality. Some of the colonies showed the common
black halc arcund the bleached area that characterizes bacterial
infection (Muscatine, 1981). Whether this "infection" 1is the
coensequence of cil-related tissue stress, is unkrnown but, the
high frequercy, the distribution pattern and the characteristics
of the colonies affected, points to a recent shallow and wide
spread external factor producing the stfess. Nz sick or bleached
colonies were found in  the control areas. Othér colonies do not
showed the black ring, specially the ornes that start to die more
recently in the shallow area and almost rione of the deep cres had
any of these signs.

Irn some areas, extense patches of the calcareocus alpgae
Halimeda were recently lost or were actually peeling off.
Eleached areas were commor among the patches observed in the

sampling areas.



Z.— Urmsual high production of mucus:

Specially irn Siderastrea siderea, Diploria strigosa, D..

clivosa ard the zcocanthids Zcanthus scciatus and Palythoa

caribbaea. Thick layers aof mucus were specially conspicucus on
the bordere of the bleached areas. Although there was a strong
surge during the survey dates, water was clear on shallow areas
and sedimentaticor effects were apparently nocrmal. In any case 1

wouldr’t rule this possibility out.

3.— Swollen tissues in scleractinians and zoanthide:
I almaost all shallow colonies of S.siderea, D.strigosa
arnd D.clivasea, the whole colony showed swoller tissues (probably
by irnhalation of water by stressed polyps) which gave them a

peculiar popped-—out furmy looking aspect. Similar patterrns were

observed upper areas of large colonies of P.caribbaea.

4,- Day activity of typically rnocturrnal species:

Most shallow colonies of Diploria spp, showed polyp and
tertacle activity all day 1lorng (diurnal activity). No noctuwr-nal
cbservations were done. In some colonies of F.caribbaea, poartions
with all polyps retracted and others with all polyps swollen were

aobserved.

S.— 0Diled colorniies:

The proportions of affected colornies were always higher
in the shallow areas than in the intermediate and deep areas.
Colonies of S.siderea with dead areas coavered with filamentous
algae were carefully removed and transported to the lab. where,
they were placed in recently cleaned plastic tanks
with rurmnming sea water. # out of ten colonies released "oil" when
the layer of filamentous algae was sgueezed (an oily film

appeared on the water surface)



Neither‘one of these signe was cobserved in any of the
reefs sampled in the control areas (Isla Grande and FPortoleore).
This could be the only evidernce that the symptoms observed on the
reef organisms along the oil-affected area are the consequence of
stresse produced by the cil. Experimental teste should be dore. to
confirm these observatiorne and rule out prssible effecte aof
sedimentation, low salinity, other efluents etc. or particular

combination of them.
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111. DESCRIFPTION OF AREAS AND REEFS STUDIED :
The areas are described below in sequence from west to
east. Reefs and oather characteristics (i.e. clocserness to river
moiiths) are given in Table 1. The complete list of coral species

found at each reef is given in appendix 1.

i.— Galeta :

This area is dominated by mangrove with no high
elevations closeby. Beyond the mangrove, the shore is bordered bi
alterrnating areas of fringing reefs and meadows of the sea prass
Thalassia testudinum with high diversity of algae. The majority
of the coaast is exposed to strong wave actiornn and high turbidity
during the dry season (December—-May). The reefs sampled here were

(Fig.&) =

Marparita reef : The east coast of Isla Margarita, is

bordered by a semiprotected fringing reef with a wide Thalassia-
algal platform and an extended mangrove shore. The gently sloping
back reef is dominated by fleshy and coralline algae, sponges,
the bhydrozoan Millepora complanata, zoanthids and corals of
which, Porites astreoides, P.porites, Agaricia spp., Diploria

strigosa, D.clivosa and Siderastrea siderea are the main species.

The fore reef drops from 2 to 8 m with a gentle slope (Fig. 3a).

The upper part 1is covered primarly by P.furcata, S.siderea,

A. agaricites danae and the coralline algae Halimeda opuntia. The
deeper part is characterized by platty forms of Leptoseris

cucullata, A. agaricites urpurea, A. agaricites humilis, and
scattered colonies of Montastraea cavernosa, P. furcata,

P.divaricata, Stephanocoenia michelini and Colpophyllia natans.
beyond the reef is a muddy bottom covered with fleshy algae,

sparse coral heads of S.michelinii and M.caverncosa with sporipes

-~

and the sea grass Halgphylla sp. covers extensive areas. A total

of 36 scleractirniarns were identified in this reef.
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Galeta : Two exposed reefs were sampled at Isla Galeta close
to the STRI lab. The first, located tc the north of the 1lab is a
fringing reef that rurs from south to riorth-west with a wide
plant—-dominated shallow platform (Birkeland ét.a1,1973; Macintyre
& Blyrm, 1974, 1976). The fore reef drops pently to a muddy baottom
at 8 m depth (Fig.3b). The upper part of the reef presented wide
areas covered by M.complanata and coralline arnd fleshy alpgae.

D.clivosa, D.strigcosa, S.siderea, A. agaricites darnae, F. furcata

and M. caverrncsa are the commorn scleractinians. The deep zorne is

characterized by plate forms of A. agaricites urpurea,

A. agaricites humilis and the domical M.cavernosa, S.michelini ard

C.natans. Fleshy algae and rubble are dispersed over the muddy
bottom. Most of the alciconarians in the fromt reef were dead.

The second reef is located across a channel to the east and
is generally similar except that the drop off with depth is
steeper. A total of 45 Scleractiniamns from the two reefs weré
identified in this area, but they are widely scattered and
apparently they are not contributing sigrniificantly to reef growth

(Macintyre & Glyrm, 1974,1976).

2. -Portobello :

The area is dominated by high, recently deforested

basalt mountains close to shore and numerous rivers.During the
rainy season the rivers are browrn and discharge extensive amounts
of fine sediment along the coast. Much of the protected zone is
lined by mangroves and Thalassia beds whereas the exposed to
waves is primarly basalt. Corals commonly grow scattered directly
on the rocks and only locally accumulate sufficient framework to

form fringing reefs, of which we studied four.

Buenaventura : The exposed reef 1located to the north of
Isla Buenaveritura begins as a wide (70 m) platform that slopes
gently to 8 m and then steeply (45 degrees) to about 22 m

(Fig.3.c). The platform is igrnecus at the shore line with big
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rocks and scattered colonies of Favia fragum, P.astreoides,

P. porites, S.radians, and D.clivosa. Sponges, caoralline and macro

algae, and zocanthids are commonn on the northern shore and
Thalassia on the lee shore towards the south. RBordering the -
Thalassia beds 1is a shallow back reef dominated by A.palmata. and

various massive corals. At the edge of the platform the coral

cover is high, particularly A.tenuifeolia, R.agaricites danai ard

M. annularis.

The wall is covered mainly by plate forms of Mycetophyllia spp.,

A. agaricites formas danai, purpurea and humilis, M.meandrites,

M. annularis, and ercrusting forms of S.michelini, C.natans, and

M. decactis. Hydrocorals, other hidrozoans gorgonians and esponges
are commori in the deeper parts of the reef. The reef ends over a
muddy bottom. It is frequently exposed to heavy sedimentation and
high turbidity by the run off from the river located 1-& miles to
the south-—west and the orie at the Portobello bay.

A total of SO scleractinians were found.

Drake : Located to the scuth west of Isla Drake at the mouth of
Forrtobel lo bay, is a fringing reef growing over basalt with a

slope of 25 degrees and reaching a maximum depth of 12 m

(Fig. 3d).
Acropora palmata, D.clivosa, D.strigosa,
A. agaricites, A.tenuifolia, S.siderea and M. annularis are the

commor scleractinians. Sponges hydrocorals and other hydrozoans
are very commori in the deeper areas of the reef. The reef bottom
is a mixture of ccarse (calcarecus) and fine sediment. Many long
reef buttress rurn parallel to the bay mouth. Those are covered by
calcarecus and macro algae and a rich fauna of scleractinians ard
sponges. In front of the reef sampled, two buttresses are found
at 10 m depth, they are separated by a sandy battom and the

southern most one reach 30 m depth. A total of 40 Scleractinians

were found .
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Portolecrne ¢ Located at the north shore of the Fortobello
peninsula, this is a fringing reef running from scuthwest to
ricrrtheast with a broad calcarecus platform separated from the
mangrove coast-line by a wide Thalassia bed. The reef platform
is mainly covered by fleshy and coralline algae, sparse cclonies

of A.palmata, D.clivosa, D.strigosa, M. cavernosa, P.porites,

E. astrecides, F.furcata, and by sporiges. The edpe of the

platform (2 m depth) is formed by large ccleonies, partially dead

of M. annularis, M. cavernosa, C. natans, and the hydrocoral

M.complanata. The reef drops gently (Fig.3-e) to a

maximum depth of 15 m, and is covered by platty forms of

A.agaricites formas humilis, purpurea and danae, M.meandrites,

P.astrecides, and Mycetophyllia spp. There is also a series of

deep patch reefs parallel to the shore lire that were not

studied. 41 scleractinians were found.

Tres Marias : Three Islands (Duarte Cays) lie 2 km
northeast of the Fortobello peninsula. The western shore of the
central island is frirnged by a short semiexposed reef. The shore
line is mainly igneocus rock covered by fleshy algae and scattered

cclonies of FE. fragum, D.clivosa, D.strigosa, F.astrecides and

A.agaricites. There are large colonies of RA.palmata at 2 m. The
reef slopes gently (Fig. 3-f) and ends on a calcareous, muddy

bottom at 18 m Siderastrea.siderea, M.meandrites, M.annularis,

M. caverncsa, A. agaricites cf. danae, cf purpurea and humilis,

I

I.rigida, I.sirivosa, and sponges are very commnor. 3

Scleractiniars were identified.

3.- Isla Grande :
This is the northern most area of Panama, located
SO km to the east of the canal and conformed by 14 high basaltic
islands surrounded by fringing reefs, extense Thalassia beds,
patch reefs and algal ridges. The main coast area is dominated by
recently deforested high mountains and the shore line by

mangrove. Four reefs were sampled and 3 were surveyed :
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Mamex : located on the east area of Isla Grande, is a
fringing reef baordering the mangrove shore of Mamey cay. The reef
runs in a northeast direction from the shore, forming & cone-—
shaped submersed reef for seQeral hundred meters. It has a broad
flat shallow platform domirated by macrc algae, crustose algae
and sponges with A, palmata, D.strigosa, D.clivosa, A.a a;icites,
A.danai and F.fragum as the most common scleractinians. The
platform slopes gently to approximately € m (Fig.3p), where
charrnels and buttresses up to 3 m high are characteristic at the
edge zore. The top of the buttresses are dominated by algae with
sparse colonies of A. agaricites, A.danai, C.natans,

C. breviserialis, and S.siderea. The sides are mainly caovered with

sporges, algae, and A.danai, I.sinucsa, l.rigida, D.strigosa,

M. arinularis, M.cavernosa, M. ferox, M.aliciae and C.natans. Thenr,

the reef drops steeply to 17 m ending in a sand platform with

sparse cclonies of M. cavernosa, S.siderea, S.hyades and sponges.

The drop off is mainly covered by sponges and M. annularis,

A.tenuifolia, M. caverncsa, M. feraox, M. aliciae, and M. asperula .

Calcareous pinnacles with burrows and small caves covered by
Bryozoans, Hidrozcans (S. roseus), sponges and ahermatipic
scleractinians characterize the deep part of the reef. A total of

48 scleractinians were found.

Juan Joaguirn : Is a protected patch reef located in the

charnnel betweern Juan Juaquin cay anq the mangrove dominated main
shoreline. The reef is almost circular in shape with a very

shallow platform covered by T.testudinum,P.porites, M.complanata,

and M.alcicornis being common at the borders. Trarnsects were done

on the northerrn area. The slope is steep (fig.3h), and dominated

by A.tenuifolia wup to 10 m, where M.cavernosa, S.siderea,
S. bournoni, S.michelini and C. natans are the dominant

scleractiriians up to 1€ m deep. The reef ends on a muddy bottom
that goes down to 20 m. High spornge abundarnce is found in this

zone covering the dead coral skeletons. A total of 31
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scleractinians were identified.

Bastimentos : A semiexposed patch reef located to the

south of La Guraira town. Is aproximately 150 m in diameter with a
wide shallow platform dominated by R.palmata and M.annularis that
slopes down gently to 9 m depth (Fig.3i). Broad areas of

R. termifolia, M.mirabilis, R.cerviceornis and large cclonies of

S. siderea are characteristic from 4 m to the end of the reef. A
great porticn of the corals is dead and covered with fine
sedimerit. The muddy bottom contivnues down to 18m and scattered

patches of T.testudinum with isolated colonies of S.siderea and

S.michelirii may be found. 41 scleractinians were identified.

Tambor : The semi-exposed fringing reef is located at the
extreme south-west of Isla Tambor, north of Isla Grande. It runs
from east to west and is separated from the basaltic coast line
by a sandy area (20 m wide) covered by gorgonians. Flat and
encrusting colonies of A. palmata, D.clivosa, D.strigosa,
S.siderea, S.radians, F.fragum, P.astrecides arnd M. annularis are
commors in the rocky shore that drops to 1.5 m deep steeply. Then,
more coral growth mixed with gorgonians and zoanthids is found
up to 2 m where a sandy platform dominated by pgorgonias and
scattered small coral patches that extends 45 m from the shore
line with a gentle slope (fig. 3j) to 4-5 m deep. Here, the reef
frame is continuous and goes up to 2.5 - 3.5 m deep forming a
short platform mainly covered by P. furcata, A.danai, A.purpurea,
M. annularis, C.natans, and S.siderea. Sporiges are commor,
covering wide areas of the drop—-off. The reef slope is steep and
ends at 12 m depth on a coarse calcareocus sandy bottom.
M. cavernosa, M.annularis, fA. purpurea, A.danai, P.astrecides,
S.michelinii, and D.strigosa are abundarnt in this area.

40 scleractinians were found.
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Los Naranjos area:

Wreck Reef (site 1): Located to the east of the
refinery at the mouth of the bay. Is a fringing reef with a wide
platfcrm(25-40 m). The platform drops.down gently to 3 m and then
steeply up to € m ernding on a muddy-fine sediment bottom. Traces
of o©il were observed on calcarecus exposed rocks in  the
intertidal zone, also aerial mangrove rots on the shore line were
covered with cil. Approximately 10% of the ccolonies of D.clivosa,
12% of S.siderea, 10 % of P.porites showed "stress" symptoms.
Zcanthids, calcareous algae, sponges and other crpanisms looked
in good conditions. No affeéted colonies were observed at
intermediate and deep areas with the exception cof one big colony

of Colpophylia natans which had a bleached area. 17 scleractinian

epecies were identified.

Los Naranjos West ~ (site &): Western reef of Los

Naranjos Island separated from the shore line by extenrnse
Thallasia beds. Wide irtertidal platform covered by macra algae,

coralline and crustose algae, Millepora complanata and zoanthids.

The platform drops gently to the south west ending on a sandy
substrate at § m depth. To the west, it drops from .20 to 4 m
over a S50 m length and then, steeply down to 12 m on the fore
reef ending orn a muddy bottom.

Shallow platform and reef edges well covered by macro

algae, Millepora complanata, calcareous and crustose algae. High

cover of corals and sporigpes below 1 m and at the edges of the
slope. The fore reef is characterized by buttresses at the edge
(4 m) arnd forming deep canyons with high platy corals and sponge
cover on the sides but poor coral cover at the bottom due
possibly to high sedimentation. Bleachirg colonies of D.strigosa,
D.clivosa, P.astrecides and S.siderea were observed in a low
frequency on the shallow area. 30 scleractinian species were

identified.
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REF INERY ARER:
The refinery is located at the entrance area of two

small bays. R1ll shore lanes to the east and west are formed by
margrove, sea grass beds and fringing reefs. The bays are shallow
with mangrove communities conforming the shore line extensively
cavered by o©il in the intertidal zone, and Thallasia communities
with no apparent signs of oil effect characterizing the marine
substrata.

Refiriery Reef (site 1): Located at scome 200 m inside
the bay, to the west and same coast of the refinery. It is a
shallow not—-to— well developed reef area interrupted by sandy
areas until ‘it gets to 4 m depth where a fringing reef is well
develcped. The intertidal zone and up to 1 m depth is covered by
a dense and tall macrcalgae "forest" (Laurencia spp., Halimeda
epp etco).

Scattered ccoclonies of S.siderea, S.radians, D.clivosa
and P.astrecides most of which showed recently dead areas covered
by filamentous algae. 0il was detected on surface areas of
exposed carbonate substrate in the intertidal zone and over the
sandy beach cloéeby. Some pieces of a wreck on the sea grass bed
were also partially covered with o0il. The back reef area is
dominated by Thallasia and algae and showed no apparent signs of
0oil stress and in general looked in good conditions. Area seems
to be affected by frequent high sedimentation events judging from
the fine sediment substrate, the sediment accumulation in
crevices and holes and the scarcity of scleractinian species and
cther organisms susceptible to this environmental effect. Deep
areas with higher coral and sponge cover and surprisingly, high
numbers of the sea urchin D.antillarum were seeing in this area.

19 scleractiriab species were identified in this reef.

Large Remo area: (Sites 2 and 3): Located in front of
the reef and to the rnorth west. Mangrove shore lines that were

extensive affected by the oil-spill, showed all intertidal root
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inside of the roct system after heavy rains or during strong
windy days thus, after two months, small an located sources of
o0il were still affecting reef areas when particular environmental
conditions occurred. Two reefs were sampled, one in front of the
other at both sides of the entrance to the inside shallow lagcon

of isla Largo Remc. Site 2, to the southwest, is a poor developed
reef in the shallow area and up to 4 m depth. This area is
characterized by clusters of small patch reefs with sandy areas
in between, mainly S.siderea, M.annularis, D.strigosa and

Agaricia tenuifcoclia. Large patchés of F.furcata were found at

intermediate depths. The shallow area is mostly coarse gravel
accunulated by strorig wave action and scattered clusters of
S.siderea, P.astrecides and D.strigosa with a high percentage of
the colonies with recently dead areas covered by filamentous
greer algae and/or diatoms. More recently bleaching zones were
etill white and calices showed nrno signs of bicerosicor. Wide
Thallasia bed separates the reef from the coast line. Maximum
depth reached by the reef is 8 m and the fore reef is dominated
by A.tenuifglia and a variety of sponges.

20 scleractiniar species were identified ivn this reef.

In site 3, only the shallow back reef area was
surveyed. It is a mixture of coarse and big carboriate rocks,
Thallasia zones and large S.siderea and small crustose colonies
of D.clivosa, D.strigcosa and P.astreocides all over the area. 50 %
of all S.siderea colonies chequed were ill with same patterns
explairned in topic 2. High % of the other species were alsc dying

at the time of these sampling.

Patch Reef (site 4): A large patech reef with an
extense shallow intertidal and submerged platform area is located
right in front of the refinery. Poor coral cover on these areas
was observed and zoanthids , macroalgae and crustose algae are

the dominant organisms. This is a high energy reef with steep

droop off on the back area (socuthwest) with low coral cover.



bottom areas, no signs of mass mortalities were observed

and some colonies of S.siderea and D.clivosa showed signs of

stress with small bleaching areas.

Purita Muerto (site 5): Located in fromt and to the east

of the refinery (200-400 m), is a well developed semi-circular
fringing reef separated from the shore 1line by a seagrass—bed
dominated by T.testudinum. Wide (30 m) platform slopping gently
tc 4 m and dropping steeply to 8 m on the fore reef, ending on a
firne sediment and muddy bottom. Shore line conformed by mangrove
(Rhyzophora margle) some of which were dead and lots of oil were
detected covering the intertidal areas of the aerial roots and
part of the sandy shore line. The sea grass showed some cleared
areas but no other signs of being affected. The community
(crustaceans, snails, anemories etc) associated with it could be
affected but neo data was collected and o dead organisms were
observed. Some mats of Laurencia and Halimeda were chequed and
some crustaceans (small crabs, isopods, shrimps and stomatopods)

were observed.

The shallow reef platform is widely covered by
zoanthids (Zoanthus spp), calcareous algae (Halimeda spp),
crustose algae and patches of P.porites that showed no signs of
0il stress. Ceclonies of F.fragum, D.clivosa, D. strigosa ,

S.siderea and M.complanata showed partial mortality on the top
and some bleaching on the sides. High densities of the sea urchin
Echinontra sp were observed in the crevices and small holes of
the reef frame. Deep areas with high cover of scleractinians,

sponges and macroalgae and no signs of ill colonies were

observed.
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Dr. Jeremy Jackson
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Dear Jeremy,

Enclosed you will find results of analyses of the coral, sediment and
seawater samples collected from the Galeta oil spill site in September,
1986. Generally, I am pleased with the success we had in replicate analyses
of the Siderastrea corals, especially at the extremely low levels of o0il
seen in most tissue samples. (Table 1). It took much more effort than I had
anticipated due to the carbonate matrix. So having satisfactorily
established our techniques on the first set, being then short of time, and
having more limited material to work with for Agaricia corals, I elected to
analyze the second set of corals as composite samples from each station.

In addition to documenting the presence of o0il in coral tissues, we
have discovered an interesting modification in the lipid composition of
corals stressed by oil. We measured a depression in the percentage of non-
saponifiable lipids and a change in the protein to lipid ratios. Although
the sample size is too small to make a strong statement, this observation is
consistent with some of the past tank experiments conducted at BBS. We would
like to put together a small proposal to investigate the effects of 0il on
lipid synthesis in corals. This alteration in lipid content is evident in
the tabulated results as follows. Expression of petroleum hydrocarbon
results as ug/mg lipid shows a difference between the Refinery reef as
heavily oiled and the Galeta reef as less heavily oiled; but this
difference is not obvious if the results are expressed as ug/mg protein.
(Table 2).

Sediments do not show the same ranking of oil levels but this is due to
the physical composition of the samples (Table 3). Los Narangos had a much
larger percentage of fine sediments which hold o0il, while Galeta was mostly
course coral rubble.

Water samples showed o0il is still present in the water column as
expected in the two sites sampled (Table 4). We did not differentiate
between "particulate" and "dissolved" residues.

The original oil appears to be a medium range crude o0il and I am
characterizing it as I write this., Density is 0.87 and I will tabulate the
percentage composition which comes out in our saturated and aromatic
hydrocarbon fractions. I could tell by the color of the column that some
portion is more polar than we usually elute(Fl through F3}



The composition of oil residues ir all of these field samples is
relatively degraded showing the expected unresolved mixture of saturated
hydrocarbons with very little of the discrete n-alkane peaks visible, and
very few of the more volatile components remaining. Corals showed a suite of
biogenic hydrocarbons typical of a contribution from algae (n-Cl5, C17, C19,
" Pristane). Except for corals from the refinery area it was not practical to
quantify the oil signal in the unresolved hydrocarbons in the aromatic
fractions by gc due to the large biogenic signal (alkenes, etc). But UV
Fluorescence measurements confirm the content of aromatic hydrocarbons with
spectra similar to the spilled oil. I am including copies of representative
chromatograms. You will need to decide what detail is necessary to support
the biology for the manuscript.

Analytical methods were described in the section of the proposal we
sent you last September. We adhered to them, except that we did not sieve
the sediments before extraction. For coral analysis we used the referenced
procedure of blowing the tissue off the coral matrix with compressed air.
There is always a question of tissue recovery using this approach. However
we noted that the Agaricia is thin enough to crush in total and in future
would use this method to obtain total extracts. I determined protein content
by the standard Lowry procedure.

We have found these initial results quite interesting and are hopeful
of funding for further collaborative efforts. Keep us informed of progress
on funding for the long term study. If further analytical support for the
short term study is desired, we will be quite happy to do them. The mangrove
sediments should be useful to Getter's work. We have quite a set in our
freezer. I trust you are satisfied with this data set and we'll look forward
to the contribution to our operating expenses as agreed.

I will be in the USA over Christmas but Tony will be resident at BBS,
We look forward to seeing a draft manuscript, maybe in January? Have a
happy holiday season.

Sincerely,

Hoteg Benee

Kathy Burns
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Table 1. Concentration of saturated hydrocarbons in corals from Galeta
Panama area September 1986 expressed as ug/mg lipid extracted as determined 222
by gas chromatographic analysis and o0il units determined by UVF analysis of
aromatic hydrocarbon fractions,

Sample Protein Lipid Fl UREl Alkanes2 Biogenics3 0il Units

mg mg ug /mg ug /mg ug /mg ug /mg
Mamey Reef

93 22 1.7 0.5 1.4 0.18

296 52 0.6 0.2 0.3 0.05

205 50 0.6 0.2 0.2 0.03
Siderastrea 1.0 £ 0.6 (3) 0.08 = 0.08 (3)
Agaricia 497 190 0.3 <0.1 <0.1 0.04
Los Narangos Reef:

86 17 1.5 0.7 2.7 1.7

169 35 1.4 0.5 1.7 1.1

138 43 1.3 0.3 1.1 1.0
Siderastrea 1.4 £ 0.1 (3) 1.3 £ 0.3 (3)
Agaricia 700 235 0.4 <0.1 <0.1 - 0.4
Galeta Reef:

358 73 4.0 0.2 0.1 8.9

267 77 2.0 0.2 0.5 3.6

454 161 2,0 0.1 0.3 2.2
Siderastrea 2.7 1.1 (3) 5.0 3.4 (3)
Agaricia 730 171 2.6 <0.1 0.1 3.1
Refinery Patch Reef:

486 76 4,6 0.3 0.5 23.6

476 120 3.7 0.1 0.3 20.4

834 102 5.2 0.3 0.4 32.0
Siderastrea 4,5 £ 0.8 (3) 25.5 £ 6.0 (3)
Agaricia 709 118 7.0 0.4 0.1 49.7

1. URE is the signal generated by the complex mixture of hydrocarbon residues
that cannot be resolved into individual peaks in the gas chromatographic
analysis. This is a conservative estimate of petroleum content.

2. Alkanes are the sum of concentrations of individual n-alkanes in then Cl2 to
C36 elution range.

3. Biogenics are the sum of C15, Cl17, Cl19 and pristane peaks which are common
biogenic hydrocarbons.



Table 2.

Petroleum hydrocarbons in coral tissues as determined by gas

chromatography expressed as ug/ mg lipid or as ug/ mg protein. ZNSL is

the percent non-saponifiable lipid of total lipid extracted.

Sample ug/mg Lipid Protein/ %Z NSL ug/mg Protein
Lipid

Mamey S.s. 1.0 £ 0.6 (3) 4.7 £ 0.9 (3) 24 %3 (3) 0.22 £ 0.15 (3)

(PC 61-65)

Mamey A.t. 0.3 2.6 24 0.07

(PC 66-70)

Los Nar. S.s. 1.4 £ 0.1 (3) 4.4 £ 0.9 (3) 26 £ 1 (3) 0.32 £ 0.05 (3)

(PC 41-45)

Los Nar. A.t. 0.4 3.0 33 0.14

(PC 46-50)

Galeta S.s. 2.7 £ 1.1 (3) 3.7 £ 1.1 (3) 24 £ 4 (3) 0.71 £ 0.11 (3)

(PC 01-5)

Galeta A.t. 2,6 4.3 19 0.99

(PC 06-10)

Refinery S.s. 4.5 % 0.8 (3) 6.2 £ 2.1 (3) 22 £ 5 (3) 0.78 £ 0.17 (3)

(PC 21-25) )

Refinery A.t. 7.0 6.0 3 1.16

(PC 26-30)
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Table 3. Hydrocarbons in surface sediments collected from coral reefs in the Galeta oil spill area plus
associated physical composition data. :

dry ug Lipid % size Saturates? Unsaturates?2 3

Sample wet g wet wt, composition! URE n-Alkanes Biogenics URE Biogenics UVF

Mamey Reef 0.73 74 77/ 23/ 0.1 1 0.3 0.9 <a 0.2 0.1
(P2-30)

Los Narangos 0.47 29 13/ 33/ 53 85 0.6 nd 48 6.4 393.3
(P2-83)

Galeta Reef 0.67 95 52/ 47/ 0.3 4 1.1 0.4 2 0.5 2.7
(P2-86)

Refinery Reef 0.61 32 49/ 28/ 22 110 0.6 nd 53 0.2 343.4
(P2-42)

1. Size composition determined by seiving the residue left after KOH-MeOH extraction of 100 g wet sediment;
Sizes are: > 1 mm/ > 125 um/ < 125 um,

2. Hydrocarbons are expressed as ug/g dry wt based on gc analysis in the C12 to C36 n-alkane elution range.

Petroleum content is conservatively estimated as the sum of saturated plus unsaturated unresolved hydro-
carbons (URE).

3. UVF oil units determined by using the spilled oil as the calibration standard and measuring fluorescence
at 360 nm emission with 310 nm excitation.
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Table 4. Concentrations of petroleum hydrocarbons in water samples from
Galeta o0il spill area as determined by gc analysis of saturated fractions
and UVF analysis of aromatic fractionms.

Volume URE UVF
Sample 1 ug/1 ug/1
Largo Remo
PX 8 53 4,5 15.1
PX 10 45 6.7 29.1
Galeta
PX 9 115 1.9 4.8
PX1 88 0.3 2,0

1. Samples collected by pumping seawater through glass columns filled with
Amberlite XAD2 resin. Columns were tied to the roots of mangrove trees with
intakes approximately 0.5 m below the water surface. Columns were sealed and
stored on ice during return to the lab. Hydrocarbons were eluted from
columns in a custom designed continuous extraction apparatus.

Table 5. Percent composition of o0il spilled at Galeta
eluting in fractions from the column chromatography
procedure using alumina and silica gel.

F1 Hexane Saturates 47.47
F2 10% Ether/Hexane Light Aromatics 6.47
F3 207 MeCl /Hexane Heavy Aromatics 4.8%
F4 MeCl Polar Fraction 18.9%

Left on column Not Recovered 22,52
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MAC data disc: Galeta Oil Spili(1986) Sample Inventory.

S.C.WYERS, 18th Sept.1986. T
33
m rtin th
April 1986. Galeta(STRI}-BBS co-operative study,
INVENTORY OF SAMPLES FOR PETROLEUM HYDROCARBON ANALYSIS:
r =16t
September, 1986 and by others on previous dates,
les tak B r rocar lysi
( = ditto sample details,CG=Chuck Getter's study sites;
MM=Mike Marshall & E. Wefl's study sites;Hugh Caffey [HC] took KB & SW to
additional sites indicated).
(a)Mangrove environments,
SAMPLE Acc, SPECIMEN _ LOCATION DATE(d.m.y)
No, ne, _
P2 41 1 Sediment. 0-5cm : - CG Reference site "RF F". 12.9.86
core, fringe zone. :
1 2 Sediment surface .
~ scrape.
2 3 —_—
s 4 Y §
pP227 5 Crassostrea rh:zophorae '
dissected tissue. n=36.
P247 6  Sedment0Scm CG Reference site *RF B" 12.9.86
- core. :
P243 7  Sediment. 15-20cm core.
4 8 | Sediment. Surface : : . ——
5 9 —
6 10
P244 1 Sediment.0-5cm. CG Reference site "RF |” 12.9.86
core. .

7 12 Sediment. Surface
scrape. :

8 13




TABLE 1. (CONTD))
SAMPLE acc. SPECIMENTYPE

No, nme.
P2 46 15
P245 16

18 17

11 18

15 19

P2 85 20
P2 48 21
16 22

10 =2

13 24

14 25

12 26

17 v

PX 8 28
PX 10 29
P277 30
P229 31
25 32

19 33

u

Sediment.0-5cm
core.

Sediment. 15-20cmn
core. .

Sediment. Surface
scrape.

Sediment. 0-5cm
core.

Sediment.10-15cm o
core. .

Sediment. Surface
scrape.

Sediment. Surface

Sub surface water sample,
concentrated on Amberiite
XAD resin column.

Sediment. 0-5cm.
core.’

Sediment. 15-20cm.
core.

Sediment. Surface
scrape.

R

‘heavily oiled” site.

LOCATION DATEMD.mY) 34
CG Olled she "IF F° 12.9.86
(‘moderately’ ofled.’)
CG Oiled site "IF B* 12.9.86
CG oiled site "1 F".Unmarked 12.9.86 {

_ sheclose o high berm.

. CG ofled site "IF". Fringe. 13.9.86
CG olled site "OF F* 12.9.86



‘TABLE 1. (CONTD.)
SAMPLE acc, SPECIMEN TYPE
No, npo

P2 25 35 Sediment. 0-5cm
core.

P2 33 36 - Sediment. 15-20cm
core.

20 a7 Sediment. Surface
scrape.

P2 28 40 Sediment. 0-5cm
core.

21 41 Sediment. Surface
scrape.

P2 95 44  Surface sediment scrape
83 45 Sub-sample of 95.

P2 89 46 | Sediment.0-5cm
core. ‘

P274 47  Sediment 15-20cm.
. core.

20 48. Sediment Surface

~ scrape.
30 49

31 51

P237 §2  Crassostrea rhizophorae.
dissected tissue. n=24.

P2 35 53 Sediment,0-5cm

LOCATION DATE(d.my)
CG olled site "OF B" 12.9.86
CG olled site "OF 1* 12.9.86
Margarita Lagoon,S.edge.  25.7.86
Collected by HC.

Margarita Lagoon, "KB 13.9.86
control”. Inland of

oil boom site[HC)

Margarita Lagoon, "KB 13.9.86
control’'(HC)

Margarita Lagoon, "KB 13.9.86
Oiled site”. Approx.

100m seaward of

oil boom site.(HC)

core.
P2 81 54 Sediment. 15-20cm. = -
core.
32 85 Sediment. Surface scrape. '
3 86 —
4 &
78 &8 c:assosmrmzomorae

dissected tissue. N=29.

(@)
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TABLE 1. (CONTD.) | - 36
SAMPLE acc, SPECIMENTYPE LOCATION DATE(d.m.y)
No, pe
P2 9t 59 Sediment.0-5cm. Mangrove island nr.Los 16.9.86
core. Naranjos ('dispersed site’)
P2 88 60  Sediment.15-20cm .
core.
n idal ironm
35 61 Surface sediments, Largo Remo, westemn edge  13.9.86
low tide level (exposed of Lagoon shore (HC)
during spillof reef flat. '
36 62
37 63
48 64 Surface sediments(low-extr. low Largo Remo shore(W). 13.9.86.
42 [ tide level); upper 3 cm Samples taken at approx.
46 66 (mixed). 10m intervals along
39 67 transect parallel ©
49 68 shore (W-E). HC. .
50 69 ‘ .
38 70 } _
40 7 .
“ €
47 73
43 74
45 75
PX 9 76 Sub surface water sample, Galeta, sand zone - 14.9.86
concentrated on Amberlite on S. margin of STRI
XAD resin column. main fab, E. of
: mangroves.
PX 1 Y4 )
lassia_(shallow subtidal sand/m vir n
P2 94 78 Sediments{about 60cm depth) Isla Margarita. Oiled 29.6.86
Thalassia bed. HC
. collection.
26 79
94 80
85 81
P2 82 Replicate of P2 94.




/

TABLE 1. (CONTD.)
SAMPLE acc. SPECIMENTYPE

1

No. No,
73 88
81 &7
82 88
84 o9
a3 90
90 91
P2 40. 92
P23% o3
P2 36 94
P273 85
51 96
56 97
58 98
P231 99
63 100
53 101
65 102
P2 38 103
52 104
66 105
67 106
P2 32 107
68 108
76 109
88 110
P226 1
69 112
70 113

Surface sediments

Surface sediment(1-2cm).

Surface sediment.

Sub-sample of P2 73

Surface sediment.

Surface sediment

Sub-sample of 38. -

Surface sediment

Surfaog sediment _

Reef .Reference site (MM)

5
LOCATION DATEd.my) 3 7
Galeta STRI lab. reef flat 16.9.86
Thalassia patches to N.
of lab. NW-SE transect.
Los Naranjos. Approx. 11.9.86
50m from shore
opposile Witwater wreck.
(Site#9[MM]).
 Opposite cementplant  14.9.86
(off Isla Samba Bonita)
MM]
Largo Remo (Sie#527  14.9.86
MM | €
Largo Remo lagoon (MM)  14.9.86
Adacent to Mamey Reef  15.9.86
Reference site (#12[MM]).
Adiacent 1o Puerto Leone  15.9.86




SAMPLE Acc.  SPECIMENTYPE EIELD LOCATION DATE(.my)
NO, Mo, -
P2 86 115 Surface sediment at about 3m.  Galeta Reef (extra she[MM]). 14.9.86
depth.
55 116 Sub-samples of 86.

60 117
61 118
Pco1-é 119 Siderastrea si&erea eolonleé.
From about 0.5-1m depth.
PC06-10 120 Agaricia tenuifolia colonies.
From about 0.5-1m depth.
P2 34 121 Surface sediment. Largo Remo 14.9.86
rectf2(MM)
64 122
- 54 123
59 124
. P2 42 125 Surface sediment. Patch reef off oil refinery. 14.9.86
41 126 Sub-sample of 42 - i :
62 127
57 128
PC21-25 129 Sideraskeé siderea colonies.
From about 0.5-1m depth.
PC26-30 130 Agaricia tenuifolia colonies.
From about 0.5-1m depth. _ :
p2 B8 1 Surface sediments. Los Naranjos reef. MM 16.9.86
72 12 - -
96 133 —_—
o8 134 : —_—
PC4145 135 Siderastrea siderea colonies.
From about 0.5-2m depth
PC46-50 136 Agaricia tenuifolia colonies.
! From about 0.5-2m depth
P2 30 137 Surface sediments. . Mamey reef. Reference site 15.9.86
' (#12,MM).
74 138 aee———
75 139 : : i '
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sand fly repellant.

~

14.9.86

TABLE 1. (CONTD.)
SAMPLE Acc.  SPECIMENTYPE FIELD LOCATION DATE(d.m.y)
No,_ Mo,
PC61-65 141 Siderastrea skiarea colonies. Mamey reef. Reference site 15.9.86
From about 2m depth. (#12,MM).
PC66-70 142 Agaricia tenuifolia colonies.
- From about 2m depth.
P2 90 143 Surface sediments. Puerto Leone reef. Reference 15.9.86
. site (MM).
71 4 -
77 145
87 145
- {d) Standards,
P2 83 147 Refinery Crude ol sample. . STRI Galeta, 55 gal. stock 2.9.86
Venezuelen/Mexican Isthmus ’ (15.9.86)
Blend.
28 148 Avon™ Skin So Soft" usedas
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(*KB/SW. In chest freezer; each replicate wrapped in foll; each set of replicates sealed in a clear
bag with a BBS Reference Collection label inside, but not yet marked with codes. PLEASE DO
NOT OPEN THESE BAGS. “"EW/MM. Chest freezer. + HC. Upright specimen freezer, main

lab).
SAMPLE acc. SPECIMENTYPE
No._ No,
PC11-15° (149) " Ponites astreoides colonies
; about 0.5-1m depth.
PC16-20° (150) Diploria clivosa colonies
about 0.5-1m depth.
PC31-35" (151) Porites astreoides colonies
) about 0.5-1m depth.
PC36-40" (152) Diploria clivosa colonies
about 0.5-1m depth.
_ PC51-55* (153) Porites astreoides colonies
about 0.5-2m depth.
PC56-60° (154) Diploria clivosa colonies
about 0.5-2m depth.
PC71-75* (155)  Porites astreoides colonies
From about 2m depth.
PC76-80°(156) - Diplonia clivosa colonies
: From about 2m depth.
PC81-85" (157) = Siderastrea siderea colonies
. From about 2m depth.
PCB86-90° (158) Agaricia tenuifolia colonies
From about 2m depth.
PC91-95* (159) Porites astreoides colonies
From about 2m depth.
PC96-100° (160)  Diploria clivosa colonies
From about 2m depth.
b S. siderea colonies(n=6) ‘
0-1m depth.
- S. siderea colonies(n=5)
3-5m depth.
- - P. astreoides colonies(n=5)

0-1m depth. .

EELD LOCATION -  DATE(d.m.y)
Galeta Reef 14.9.86
(additional site, MM)

Paich reef off oil -

refinery. MM site#7

Los Naranjos reef. MM 16.9.86 '
Mamey reef.Reference 15.9.86
site#12. (MM).

Puerto Leone Reef 15.9.86
Margarita Reef. 14-15.8.86




TABLE 2.(¢ontd.)

SAMPLE Acc. SPECIMEN TYPE 'FIELD LOCATION DATE(d.m.y)
No._ No,
o P. astreoides colonies(n=4) —
3-5m depth.
- " D. divosa colonies{n=5) —_—
0-1m depth.
b S. siderea colonlas(n-a) Largo Remo Reef —
0-1m depth.
el S. siderea colonies(n=2)
2-5m depth. .
- P. astreoides colonies(n=6)  Largo Repo Reef - 14-15.8.86
' 0-1m depth. ’ . '
o D. divosa colonies(n=1) ' —_—
0-1m depth.
- . S.siderea colonies(n=3) Largo Remo Réefll
' ~ 0-1m depth.
- ' S. siderea colonies(n=1) ' |
- " 2-5m depth. -
. - P. astreoides cobmes(n-ﬂ : :
0-1m depth. _ .
- . D.dlivosa colonles{n4) | —_—
' 0-1m depth. '
- 8. siderea eobmes(n-s) Punta Muerio Reef ‘
0-1m depth. ‘
. S. siderea colonies (n=5) . '
3-6m depth. _
.- P. astreoides colonies(n=5)
- . - 0-imdepth.
- P. astreoides colonies{n=5) :
3-6m depth. —_
- D. clivosa colonies(n=7) -
-0-imdepth. .
hd " D. clivosa colonles(n=1) —

3-6m depth.



TABLE 2.(Contd,
SAMPLE Acc SPECIMEN TYPE FIELD LOCATION DATE(d.my)
No..  HNe
- | Diploria strigasa colonles - Punta Muerio Reef 14-15.8.86
(n=4). 3-6m depth.
t "Ofltar scraps. " See Dr. Catfey’s separate Inventory.
t Caulerpa racemosa " Betweenlsla 29.6.86
1 Acanthophora spicifera Margarita &
1 Halimeda ‘ _ Isla Naranjo.
t Thaiassia testucinum , _ -
t Palythoa caribaea —_—
1 Echinometra Lucunter |
t- - Crassostrea rhizophorae —_—— 23.6.86
attached to mangrove root
+ Oiled mangrove roots, some
with epifauna.
t ] Oil and seawater in jar ? ' 14.6.86

Samples labelled for *histopathological analysis”, upright specimen freezer in main lab:
D chrosa(=2031mdepth. ~ LagoRemoResl. ~ 23.7.86-

8. siderea{n=5); 0.3-1m depth
Palythoa caribaea (n=1)
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THE EFFECTS OF THE BAHIA LAS MIMAS 0OIL SFILL
ON THALASSIA MEADOW COMMUNITIES

Michael J. Marshall
Report Number One — May 28, 1987
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Report Number One - May 9, 1987

THE EFFECTS OF THE BAHIA LAS MINAS OIL SFILL
ON THALASSIA MEADOW COMMUNITIES

Introduction

The recent oil spill at Bahia Las Minas, Fanama contaminated
a large area of the nearshore environment, including many
hectares of seagrass meadows, from the Atlantic entrance of the
Famama Canal to Maria Chiguita. Effects of crude oil
contamination on the structure of animal communities within
seagrass beds have not previously been adeqguately described. Diaz-—
Fiferrer (1962) provided an anecdotal description of the effects
of a large o©il gpill on a seagrass bed in Fuerto Rico. Zieman
(1982) reviewed o0il spill incidents which affected seagrass beds
around the world. The 1978 Amoco Cadiz spill caused leaf damage
to Zostera marina beds in France. Filter feeding amphipods and
polychaetes were killed while other guilds were less affected.
Eelgrass roots and rhizomes apparently prevented oil from
mixing with the sediment and thus protected non-filter feeding
infauna. A spill in Fuerto Rico during March of 1973 killed
many animal species including sea urchins, conchs, polychaetes,
prawns, and holothurians. The oil, when mixed with seawater by
stong winds, also killed Thalassia. Loss of dense beds of

Thalassia resulted in sediment erosion. Some new growth of
Thalassia was noted by January of 1974 and continued through
1976. Infaunal communities were insufficiently sampled but

showed general declines soon after the spill. GSeagrass bed

destruction, for other reasons, resulted in drastic changes in

k3
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the shape of a barrier island on Florida's west coast (Hine et
al ,1987).

"degeneration" five months after an oil spill caused by the

7 breakup of an Italian tanker (Diaz—Piferfer, 1962). The loss of
Thalassia and other seagrasses in an area would have many
negative effects on the animals living in the community. Dense
beds of seagrasses serve as shelter for many organisms, they slow
currents and decrease turbulence caused by waves, they act as.
sediment traps for silt and other fine suspended particles,
through their photosynthetic activities they produce large
amounts of oxygen, and they crea£e a shaded micro-environment
beneath their leaves (reviewed in Kikuchi and Feres,1977). They
also act as a substrate for many species of epiphytic microalgae

(Humm, 1964). Epiphytes on Thalassia and detritus derived from

decaying seagrass blades have both been shown to be important
foods in the diets of many marine species (Odum and Heald, 1975;
Morgan, 1980; Leber, 1983; Howard, 1984; Marshall,1983). Thus,
in addition to the direct effects of o0il on marine organisms in
seagrass beds, the loss of seagrasses should alter the
environment (as reported in Zieman, 1982Z) and decrease the supply
of food.

Results from this five-year project will be applicable to
management issues wh;ch have arisen due to proposed oil
exploration and drilling projects close to Thalassia meadows
along the Florida reef tract. Seagrass meadows along Florida's

central and northern Gulf coast are seasonally ephermeral with
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extensive blade-shedding occuring during the fall months in T

shallow water (Marshall, 1985). The effects of an o0il splll in
this region may be correlated with seasonal changes in seagrass
biomass. Recolonization experiments usually show that recavery of
artificially stressed environments occurs more rapidly in

- frequently disturbed environments (Boesch and Rosenberg, 1981).
Colonization of oiled sediments in experimental trays, for
example, was shown to follow different pathways at a marsh versus
a deep bay site in Rhode Island (Hyland et al, 1985). 'The
authors attributed these differences to the relative stability of
these two environmente and to differences in species composition.
The vastly greater physical and biotic differences which exist
between tropical and subtropical grassbed environments make it
very important to directly observe the effects of oiling on both
types of seagrass bed ecosytems.

This report describes the preliminary results of a five-year
o0il spill recovery study in tropical seagrass meadows. To date
animals found in benthic core samples collected during September
1986 and November 1986 have been sorted to major taxonomic
categories. Beagrasses from these samples were dried, weighed,
and their root to leaf ratios were calculated. The animal taxa
included in this report are those which are usually very abundant
in temperate and tropical grassbeds. Very little prespill data
exists for the grassbed infauna in the Galeta area. Thus the
differences seen in this preliminary study between oiled and
clean grassbed sites are probably due to the effects of oil but
could be due to natural variation between geographically

separated seagrass meadows.
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METHODS 4 7

Seagrass meadows from Isla Margarita, near the Atlantic
entrance of the Fanama Canal, tc Isla Juan Joaquin (near Isla
Grande) were chosen as study sites. Criteria used in selecting
sites were that each grassbed must lie adjacent to a mangrove
shoreline and that the grassbeds must be subtidal but shallow
enough to be sampled without SCUEBA gear. Most of the sites also
were located behind small patch or barrier reefs at the seaward
edges of the grassbeds. Each seagrass meadow was classified as
being either clean, lightly, or heavily oiled (Table 1) based on
observations made in the field and knowledge of the path of oil
immediately after the spill.

Samples of seagrasses, algae, and benthic fauna were
collected, at wadeable depths, with a FVC coring tube (10.16 cm
inside diameter). Each sample concsisted of three pooled cores
totaling 0.024m2 in area. Eight samples were taken at each of
12 grassbed sites. Sample locations within each grassbed
were randomly selected. Rock outcroppings or hard shell bottoms
often prevented sampling precisely at the randomly selected
positions. ©Sample locations were also adjusted to avoid sampling
too near the edges of the seagrass beds. FPatches of

pure Syringodium filiforme were also avoided.

Upon collection samples were sieved through 500um mesh
screen and preserved in buffered 10% formalin with rose bengal.
In the lab samples were gently washed to remove formalin.
Seagrass blades and roots were separated from the samples and

dried at 90°C for five days. Frior to drying blade and root



masses were carefully examined for hidden animals and attached -
epiphytic macroalgae were removed. After drying blades and roots
were weighed. Macroalgae in the samples were identified to
species, dried, and weighed. Animals were sorted to major taxa.
For this report certain taxa, those which are usually abundant in
- tropical and temperate grassbeds, were counted and/or their wet

weights were determined. Species identifications are underway

for all animals collected in the core samples.

Mobile epifauna were collected by pushnet sampling along
transects within each grassbed (started in November). The
epifaunal community , which is not protected by sediment and
seagrass roots, may be more adversely affected by oil than the

infaunal community of seagrass beds.

Results

Folychaete biomase (Figure 1a) was much lower at the most
heavily oiled stations than at the clean and lightly oiled sites
during both September and November. There was a seasonal
increase in polychaete biomass from September to November at all
of the stations but polychaete biomass remained lowest at the
most heavily oiled sample sites. This same pattern of
biomass/sample held true for amphipods in September and November
(Figure 1b). Ophiuroids (Figure 1c) were completely absent at
the most heavily oiled sites in September. Ophiurcid biomass
also decreased from September to November at the lightly oiled

stations. During September no ophiuorids were found at the

heavily oiled stations.
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Counts of individuals in the various taxa generally werem
highest in the clean areas and lowest at the heavily oiled sites.
The highest densities of bivalves were found in the clean,
grassbed areas. Gastropods (Figurd 2d), although not abundant in
any area, were most common in the clean and lightly oiled
locations. Fagurids, the only exception to the general pattern,
were more common in the oiled areas than in the clean areas
(Figure 2e).

Seagrass root and leaf biomass distributions across the
clean and oiled sites showed trends which could be attributed to
the effects of oil (Figure I). Root and leaf biomass were lowest
at the heavily oiled sites during September. Leaf biomass at

the heavily oiled sites increased between September and November

until it equaled the seagrass leaf biomase of the clean and
lightly oiled sites. A seasonal increase was obvious in leaf dry
weighte at the clean and lightly ociled sites betwéen September
and November. Root dry weights were highest at the lightly oiled
sites in September and November. Root biomass was lowest at the
most heavily oiled sites in September and increased slightly by
November. Seagrass root to leaf ratios (Figure 3c) also showed‘
trends which could be explained by the effects of piling over the
three-month duration of this preliminary study. A decrease in
root .to leaf ratios between clean, lightly, and heavily oiled

grassbed sites was apparent in September but had disappeared by

November.
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Discussion

50

Polychaetes live at various levels within bottom sediments

and are divisible into an array of feeding types (Fauchald and

Jumars, 1979). Carnivores, herbivores, filter feeders, and/or

deposit feeders are found in most soft-bottom communities. In

" this report polychaetes were apparently negatively affected by
oil but not as greatly, on a wet weight basis, as were the

amphipods and ophiuroids. After the Amoco Cadiz oil spill

burrowing, non—-filterfeeding benthic faumna were protected by the

thick mass of roots and rhizomes of Zostrea marina

(Zieman,

1982). The roots and rhizomes of Thalassia in the heavily oiled
areas near Galeta Foint may also have protected those polychaetes
which burrow deeply and which do not filter feed. Comparison of
the polychaete species, and the habits of each species, collected
in the clean and oiled areas will show if the various polychaete
feediné guilds are differentially affected by o0il pollution.

Ophiuroids were not found at the most heavily oiled sites (4
geographically separated seagrass meadows) during September.
Ophiuvorids include many species which deposit- and suspension-
feed (Sides and Woodley, 198%5). Eleven species of ophiuroids
have been reported from reef flat Thalassia beds at Galeta Foint
(Birkeland et al, 1976). The burrowing species among these may
have been protected from oiling by the roots and rhizomes of
Thalassia. Their‘sensitivity to oil however, as evidenced by
their absence at the heavily oiled stations, might be related to
their feeding habits. Suspension feeding would require contact
with oiled surface sediments. Direct toxicity of the oll or

fouling of respiratory surfaces may also have killed ophiuorids



since other, non-filter feeding echinoderms were virtually absent

from the oiled grassbeds (personal observation).in areas where

they were abundant (John Cubit, personal communication) before

the il spill.

Amphipods were virtually absent from the most heavily oiled
stations while they were abundant at the clean. Amphipoda
include filter feeders but most species are detritus feeders or
scavengers (RBarnes, 1980). Most filter feeding amphipods are
tube-dwellers but amphipod tubes were rare or completely absent
in tne core samples. Most of the amphipods I collected were
probably surface dwellers or were assoﬁiated with Thalassia
blades. Most crustaceans seem to be very sensitive to oiling
(krebs and Burns, 1978). Ecdysis may be a period when
crustaceans are especially sensitive to oiling (Laughlin and
Neff, 1979) although Fercy (1978) reported that an isopod,

Mesidotea entomon, molted repeatedly in the water soluble

fractions of fresh and weathered crude oils. Considering the
amount of oil spilled at Galeta surface dwelling amphipods were
probably coated in o0il and/or were killed by its toxic effects.
Hermit crabs, unlike amphipods, were more abundant at all of
the ociled sites than at the clean sites during September. Their
densities may have increased due to an increased supply of
empty gastropod shells. During September gastropod abundance was
lowest in the same sites where hermit crab abundance was
greatest. Aggregations of hundreds of pagurids were seen in
September at the mouth of the heavily oiled Largo Remo channel

grassbeds (personal observation) and in other oiled areas by
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Cald&ell and Steger (unpublished oil spill report). Hermit cgab
counts remained highest at the lightly oiled stations through
November. Analyses of length-frequency distributions of hermit
crabs and gastropod shells may provide an explanation for these
patterns of abundance. Empty gastropod shells, saved from each
- sample, will eventually be examined to determine causes of death.
Shells in the clean areas would be e:xpected to have been killed
by crabs. More intact shells might be found in the oiled areas
if oiling killed both snails and crabs.

Eivalves were also adversely affected by oil. Bivalves were
not very abundant in the Galeta area pfior to the o0il spill
(Jackson, 1973). No living bivalves, however, were found in the
heavily oiled areas at or near the grassbeds sampled by Jackson.

Many dead bivalves were found with articulated (hinges intact)

shells and/or with a rose bengal stained ldyer of periostracum
which suggests that they had recently died. 0il at moderate to

low concentrations has been reported to slow clam (Mya arenaria)

growth rates (Gilfillan and Vandermeulen, 1978) and to alter
their respiratory rates (Stainken, 1978). One would expect that
tremendous amounts of o0il emulsified in seawater would quickly

clog bivalve gills irrespective of its chemical toxcity to

bivalves.

Comparison between grassbeds of the biomasses of Thalassia

‘rhizomes, roots, and leaves is difficult. Zieman (1982) reported

2 e . .
2,613g/m~, within a single Florida bay. Large differences in

root and rhizome biomass between grassbeds have been attributed

to sedimentary differences (Zieman, 1986). It is highly probable

19
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2
that the biomass differences seen between the ciled and clean 5‘)
seagrass meadows are due to factors other than oiling. Unlike

the oil-induced death of dense beds of Thalassia in Fuerto Rico

(Zieman, 1982) no extreme changes in subtidal seagrass biomass
were seen following the spill at Bahia Las Minas. An intertidal

seagrass meadow was destroyed, however, at a very heavily oiled
site adjacent to Largo Remo Island (Caldwell and Steger,
unpublished o0il spill report).

Species identifications of each of the above taxa, and the
other taxa, collected in seagrass core’samples will provide a
tremendous amount of information on how each species responds to
oiling. Since prespill data on infaunal community composition does
not exist for most of the grassbed sites, with the exception of
two sites near Galeta Foint (Vasquez-Montoya, 1979), it is
difficult to state that the differences seen between the clean
and oiled areas are due to the effects of oil. Major prespill
differences may have existed between the grassbeds. Definitive
statements concerning prespill and postspill community
differences can only be made by following the '"recovery" of the
oiled beds’ animal fauna and by monitoring the natural seasonal

fluctuations of the clean beds’ fauna.
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September November January fpril Diling
1. Margarits ! ? clean ns ns light
I. Margarita II' ns tlean ns ns light
Galeta 1 sed sheen ':ores cores heavy
Galeta II sed sed ns ns heavy
Baleta III* ns cores cores cores heavy
Galeta IV' ns- sed sed sed heavy
LR Entrance sed/sheen sed/sheen sed/sheen sed/sheen heavy
LR Lagoon sed sheen sheen sheen light
Concrete Fctry. sed/sheen sed/sheen sed/sheen sed/sheen heavy
Los Naranjos I sed sed ns ns light
Los Naranjos n* ns ? ns ns light
Buenaventura tlean clean clean clean clean
Portoc Leone clean tlean tlean clean clean
Mame I clean clean clean tlean clean
Mame II clean tlean clean tlean ciean
Isla Linton (K.C.) clean clean clean clean tlean

Table 1. Field observations on oiling conditions at each seagrass bed site.
Locations marked by an asterisk were not included in this preliminary report.
N.S. = not sampled; sed. = oil seen in core samples during field processing;
cores = o0il seen in cores during lab processing of samples; sheen = thin layer
of oil on surface at sample sites prior to start of sampling; ? = not recorded.



Figure 1. Wet weights per sample of a) polychaetes, b)
amphipods, and c) ophiuroids at clean (n = 40), lightly oiled
(n = 32), and heavily oiled (n = 28 in September and n = 32 in
November) Thalassia meadows during September 19846 (cross bars)
and November 1986 (diagonal bars). No ophiurocids were found in
samples taken at the most heavily oiled sites during September.
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Figure 1 (cont.)
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Figure 2. Counts of individuals per sample of &) amphipods, b)
ophiuroids, c) bivalves, d) pagurids, and e) gastropods from

clean (n = 40), lightly oiled (n = 16), and heavily oiled (n = 28 in
September and n = 32 in November) Thalassia meadows during

September 1986 (cross bars) and November 1986 (diagonal bars).
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Figure 2
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Figure 3. Dry weights of Thalassia &) roots (=roots and rhizomes)
and b) leaves at clean, light, and heavily oiled grassbed sites
during September (cross bars) and November (diagonal bars) 1986.

c) Root to 1eaf ratios were determined for these same sites.
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INTRODUCTION

Mangroves are long-lived saltwater trees that dominate low-
lying coastlines of the tropics and subtropics, including much of

the Caribbean and the Gulf of Mexico (West, 1976). In this

region, they coincidentally dominate shores adjacent to areas of.

petroleum exploration, production, refining and transportation.
From laboratory and field studies it is known that oil kills
mangrove trees and their associated organisms; if only sublethal
doses are received, oil will alter their growth (Getter et al.,
1985). Moreover, fallen, dead trees may inhibit recovery of
forests by disturbing newly established seedlings. This
insidious, long-term problem may lead to a diminished value of
mangroves as important nursery grounds for numerous fishes and
shellfish for long periods of time. In addition, through the
loss of mangroves, shorelines may be destabilized, resulting in
beach erosion or in the extensive movement of sediment into

adjacent environments.

Mangrove Forests in the Study Area

At least 4 mangrove species occurred along the Carribean

Coast of Panama impacted by the oil spill. This included the red

mangrove (Rhizophora mangle), black mangrove (Avicennia

germinans), white mangrove (Laguncularia racemosa), and the

buttonwood (Conocarpus erectus). Of these, the red and white

mangroves were the most seaward 1in occurrence; they were,
therefore, the species most directly exposed to oil. Overflights

in June, 1986 showed that over fifteen km of mangrove coastline
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between Isla Margarita and Maria Chiquita were oiled from the
spill (Figure 1). Mangroves in this area ranged from highly
sheltered forests at the heads of embayments, to fringing forests
which were directly exposed to open sea surge during storms. 1In
general, the more diverse, well-developed forests occurred at the
sheltered bay heads where they were influenced by river
drainages.

Several oiled mangrove forest types were identified during
overflights in July, 1986; extensive mortality was documented
throughout the heavily oiled area. These forest types included
riverine, basin, overwash, and fringing forests according to the
classification scheme of Lugo & Snedaker (1974). Riverine
forests of this area were associated with small- to medium-sized
river deltas at the bay heads. Fringing forests, however, tended
to be associated with distinctive berms and beach faces in
sheltered and exposed areas throughout the region. Basin forests
were the most sheltered forests in the region; these were
extensive and characterized by limited flushing, a lower canopy
height, lower amounts of standing wood, and local recycling of

nutrients.

Research Goals

The expanse and variety of fqrests, and the degree to which
they were oiled, presented an opportunity to compare the effects
of a single spill across a spectrum of mangrove forest types.
This was significant since, 1in the ©past, many national

governments have assigned a high, but uniform sensitivity ranking
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to mangroves regardless of their individual characteristics.
These different types of forests may, however, respond
differently and require different management. Therefore, in this
paper, the following null hypothesis was tested:

) All mangrove forests are uniformly sensitive to the
effects of oil.

To narrow the research variables considerably, only fringe
forest types of 2 different exposure> regimes were examined.

Therefore, sheltered, fringing forest type was compared with an

exposed fringing forest type.
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MATERIALS AND METHODS -

Site Selection and Criteria

Overflights by helicopter were conducted in June and July
1986, in which color slides and videotapes were made of the
enﬁire, heavily oiled coast. These slides and videotapes were
intensively reviewed. This allowed the selection of 3 siteé,
which objectively represented an oiled fringing forest
(sheltered), an oiled fringing forest (exposed) and a fringing
forest which was never oiled (Figure 1l). Throughout this report,
these forest sites will be referred to as the "sheltered",
"exposed" and the "reference" forests respectively.

The sheltered forest was selected from the southeastern
coast of Isla Samba Bonita; a 1.1 km strip of forest was
available for study, all directly effected by the oil-spill. The
exposed forest was selected from the northeastern coast of Largo
Remo Island; a strip of forest 1.3 km was available for study,
all directly effected by the oil-spill.

Reference sites were not available along the outer coast,
due to the complete oiling of mangroves there during and after
the spill. The search for, and selection of, a suitable site was
done in the bay heads which (except for those directly adjacent
to the refinery) were free from o0il. Selected was a forest in a
small bay west of Isla Samba Bonita. This forest was also the
source for seedlings (propagules) for subsequent experiments

since it was free of o0il spill contamination.
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Transect Placement and Zone Definition

The ultimate selection of the forest sites was based upon
visual inspection, and was biased towards areas of equal forest
development. For this selection, factors such as height and age
6f trees, and species composition were used. Forests were chosen
which were free of cutting and other obvious perturbations. A
bias was made toward forests which were accessible both for the
initial survey and for monthly revisits. A bias was made as well
as for a planned siliculture experiment, for which it would be
necessary to maneuver medium draft vessels to and from the
forests.

Each forest site was then staked out, with the (front
forest) center stake being placed at the waterline. A Sumpto
siting compass was then used to set a stake at the storm swash
within the interior forest (mid-forest), and also to set a stake
above the intertidal zone (back forest). All stakes were used to
define the center of a zone; they were set perpendicular to the
waterline at the front of each forest site. Throughout the
remainder of this report, these are referred to as the front

forest zone, the mid-forest zone, and the back forest zone.

Macrostructural Measurements

The variables used to quantify structural characteristics of’

the mangrove forests were: species composition, tree diameter at
breast height (DBH), forest height and leaf area index (LAI).

All larger trees (greater than 5 cm DBH) along the transect
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were marked and numbered. Tree heights were determined with a
telescoping fiberglass measuring pole. The diameters of each
tree at DBH was measured at 1.3 m above the substrate surface.
Because of the unusual growth form of some mangroves, the
determination of trunk (bole) diameter and number of boles was

sometimes difficult. To standardize these measurements, the

following criteria were wused: (Cintron and Schaffer-Novelli,
1984):

(1) If the tree had multiple boles and these forked or
sprouted from a common base below breast height, each
was measured as a separate bole;

(2) If the tree had multiple boles and they forked above or
at breast height, the DBH was detérmined at breast
height or just below the swelling caused by the fork
(i.e., if the fork was at or above breast height, it
was considered as only one bole);

(3) 1If fhe bole had prop-roots at breast height, the
diameter was measured above them where the prop-roots
did not bias the measurement; and

(4) If the bole had swellings, branches or abnormalities at
breast height, the DBH was measured either above or
below the irregularity where it stopped influencing
normal form. |

At each bole infersection, the LAI was determined; this was

the area (one side) of the leaf material per ground surface
area. The LAI was determined with a telescoping rod which was

inserted through the forest canopy and the number of leaves
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touching the rod counted. The number of leaves touching the rod

was the LAI.

Phytometry

At each forest, 9 groups (3 replicate plots x 3 zones) of
twenty-five red mangrove propagules were planted in August; they
were monitored monthly through November for sprouting success and
total leaf area. Data given in this report are from the November

survey.
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RESULTS

Similarity in Tree Size and Species Composition

Larger organisms are generally more resistant to spilled
0il; past observations made during spills indicate that smaller
mangrove trees, with shallower root s&stems, are more prone to
mortality or stress. By measuring forest height and tree
diameter, forest similarity was established.

Table 1 and Figure 2A show that no significant differences
existed between forest sites in terms of mean forest height.
Within each forest, however, as is typical in fringe forests, the
front forest zones are significantly taller than the back forest
zones (means = 6.98 -vs- 4.29 m). In all cases, the mid-forest
zone was similar in height to the back forest zone. 1In 2 out of
3 cases, the mid-forest 2zone was similar in height to the front
forest zone. The mid-forest =zone was, therefore, usually
intermediate in size.

The mid-forest zone at the reference forest consisted of
trees with a significantly larger mean diameter than those at the
mid-forest zone of the sheltered forest (means = 12.05 -vs- 5.80
cm) . Otherwise, there were no significant differences between
forests measured in terms of mean tree diameter (Table 2; Figure
2B) . The back forest zone was always somewhat smaller in forest
height than the other zones, and in 2 of 3 cases, it was
significantly smaller in tree diameter than trees in the front

forest zone.
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Species composition was also similar between forests. Red
mangroves were found exclusively at the front forest zone in all
three forests. 1In all three forests, the mid-forest zone was a
mixed red-white mangrove forest, dominated by red mangroves. 1In
only 1 case, at the back forest zone of the reference site, did

white mangroves dominate in number and size over red mangroves.

0il-Induced Changes to the Canopy and Sprouting Success

Significant differences in LAI were measured between forests
and between zones (Table 3; Figure 3A4). Interpreting these
differences was complicated by the absence of prespill data for
the canopy at oiled forests. The reference forest was used for
some analysis of trends therefore. At the reference site, the
LAI followed the same trends as did forestv height and tree
diameter (Figures 1A and 1B); that is, the smaller trees were in
the back forest zone, intermediate size trees in the mid-forest
zone, and the largest trees in the front forest zone. Some of
the variability of forest height, diameter and LAI was created by
the presence of an understory throughout the zones, since these
measurements are sensitive to understory growth. Significance in
the pattern of LAI between zones at the reference site was
therefore masked by this phenomenon. It was concluded, however,
that no significant difference between LAI at the zones at the
reference forest exiéted.

A dramatically different situation was seen, however, at the
oiled forests (exposed and sheltered; Table 3; Figure 3A). The

mid-forest zone at the exposed forest, and the mid- and front



forest zones at the sheltered forest were reduced to no leaves in
the canopy (LAI=0). The front forest zone of the exposed forest
was reduced in LAI, although not significantly.

The sprouting success and new leaf production of propagules
at each =zone in each forest was also measured. Dramatic
aifferences were seen between the reference and the oiled
(sheltered and exposed) forests. Table 4 and Figure 3B indicate
a total failure to sprout of propagules in the mid- and front
forest zones at the oiled forests. Table 5 and Figure 3C plot
the new leaf area produced by these propagules indicating the
same effect. From these results, it appears that propagules are
more sensitive as an indicator of stress and mortality than is
the LAI of adult trees. Furthermore, when combined with results
of the LAI, there appears to be a clear difference between the
pattern of canopy loss and failure of propagule sprouting between

forest types.

76



DISCUSSION

Previous publications discussed qualitative models which
described observations on patterns of oil spill effects between
different mangrove forests (Getter et al., 198l). Figure 4 gives
one such impact model; note the distinct area of defoliation at
the mid-forest zone in the expoéed forest, and that both the
front and mid-forest zones of the sheltered forest are
defoliated.

In proposing a mechanism for the distribution of impacts,
the following is suggested:

(1) The pattern of defoliation may be controlled by degree
of exposure to wave energy. In the exposed forest
model, oil is pushed by wave action ever further back
into the forest until it encounters a berm onto which
it accumulates. Furthermore, these processes tend to
cleanse the front forest zone resulting in survival of
trees there. Figure 5A is an aerial photograph of a
forest which illustrates this pattern of defoliation.

(2) In sheltered conditions, there is still sufficient
kinetic energy to push oil into the forest. In the
sheltered forest there is no cleansing of the front
forest zone, however. This results in a uniform and
lethal dose of oil throughout the front and mid-forest
zones resulting in 1, single, wide band of

defoliation. Figure 5B gives an illustration of a
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forest which, in the Panama spill, resulted in this
type of pattern.

(3) It follows that other forests within the study area in
Panama might be accurately described using an analysis
of forest type and exposure regime. For example, basin
riverine, and overwash mangroves may follow similar
trends.

Further comparative studies are planned to establish

stations within other forest types throughout the study area in

the near future.
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Table 1.
sampling points (3 zones x 3 forests).

Front Forest

Zone
Reference
Forest 7.57 (0.24)
Exposed
Forest 7.04 (0.45)
Sheltered
Forest 6.35 (0.54)

Mid-Forest
Zone
6.20 (1.43)
4.79 (1.13)

4.91 (0.97)

80

Mean forest height (m) and 95% confidence limits at 9

Back Forest
Zone
4.01 (0.73)
5.27 (0.92)

3.59 (0.33)



Table 2. Mean tree diameter (cm) and 95% confidence limits at 9

sampling points (3 zones x 3 forests).

Front Forest Mid-Forest
Zone Zzone

Reference
Forest 11.89 (1.83) 12.05 (2.90)
Exposed '
Forest 11.73 (2.17) 7.93 (2.07)
Sheltered
Forest 9,46 (2.37) 5.80 (0.75)

81

Back Forest
Zone
8.60 (3.31)
7.00 (1.11)

5.87 (0.80)



crable 3. Mean leaf area index (LAI) and 95% confidence limits at

9 sampling points (3 zones x 3 forests). These data were
collected in early September 1986, a little more than four months
after the oil spill. For reference, an index of 1.00 = 100%

canopy coverage.

Front Forest Mid-Forest Back Forest
. Zone Zone Zone
Reference ‘
Forest 2.63 (1.21) 1.78 (0.61) 1.11 (0.71)
Exposed
Forest 1.07 (0.73) 0.00 (0.00) 2.91 (1.16)
Sheltered

Forest 0.00 (0.00) 0.00 (0.00) 0.81 (0.52)



Table 4. Mean sprouting success (%) and 95% confidence limits at 83
9 sampling points (3 zones x 3 forests). These data were
collected in late October 1986, approximately six months after

the oil spill.

Front Forest Mid-Forest Back Forest
Zone Zone Zone
Reference
Forest 10.7 (7.1) 25.3 (19.8) 48.0 (19.8)
Exposed
Forest 0.0 (0.0) 0.0 (0.0) 1.3 (30.7)
Sheltered

Forest 0.0 (0.0) 0.0 (0.0) 66.2 (33.5)



Table 5. Mean new leaf area (cm2) and 95% confidence limits at 9 84_
sampling points (3 zones x 3 forests). These data were collected
in late October 1986, approximately six months after the oil

Front Forest Mid-Forest Back Forest
Zone Zone Zone
Reference
Forest i 24.5 (15.0) 55.6 (44.8) 116.6 (11l.6)
Exposed :
Forest ' 0.0 (0.0) 0.0 (0.0) 221.9 (134.8)
Sheltered

Forest ' 0.0 (0.0) 0.0 (0.0) 285.2 (199.3)



Figure 1. Map of the Caribbean Coast of Panama; oiled mangroves
were observed between the City of Colon and Isla Grande. The

three mangrove forest sites are clustered between Punta Galeta
and the oil refinery.
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Figure 2. A) Mean forest height (m) and 95% confidence limits at 87’
9 sampling points (3 zones x 3 forests). Data are from Table

1. B) Mean tree diameter (cm) and 95% confidence limits at 9
sampling points (3 zones x 3 forests). Data are from Table 2.
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Pigure 3. A) Mean leaf area index (LAI) and 95% confidence
limits at 9 sampling points (3 zones x 3 forests). These data
were collected in early September, 1986 a little more than four
months after the oil spill. For reference, an index of 1.00
equals 100% canopy coverage, and the mean for reference site was
1.84. Data are from Table 3. B) Mean sprouting success (%) and
95% confidence 1limits at 9 sampling points (3 zones x 3
forests). These data were collected in 1late October, 1986,
approximately six months after the _,oil spill. Data are from

Table 4. C) Mean new leaf area (cm2) and 95% confidence limits

at 9 sampling points (3 zones x 3 forests). These data were
collected in late October, 1986, approximately six months after
the o0il spill. Data are from Table 5.
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Pigure 4.

Two models of the distribution of

mangrove forests (from Getter et al., 1981).
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Pigure 5. A) An exposed forest is shown which is expressing
defoliation to the mid-forest zone. Photo is of an oiled fringe
forest taken in June, 1986, approximately 1 mile southeast of
Galeta Point. B) A sheltered forest 1is shown which is
expressing defoliation of both the front and mid-forest =zones.
Photo is of an oiled fringe forest taken in June, 1986,
approximately 1 mile southwest of the oil refinery.
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INTRODUCTION
Mangrove coasts make up about 75% of ocean shorelines
between 25o N and 25o S Latitude (National Research Council,
1985). This, and the high productivity of marine wetlands
(Chapman, 1976; Cintron and Schaeffer-Novelli, 1983; Linden and

Jernelov, 1980; Snedaker and Lugo, 1973) makes mangrove forests

one of the planet's important ecosystems. The genus Rhizophora

occurs world-wide at low latitudes. The red mangrove Rhizophora
mangle is widely distributed in the Caribbean, and occurs
extensively on both coasts of Panama. It also occurs along much
of Florida (Odum et al., 1982), and is found patchily elsewhere
along the southeastern coast of the United States. Its prop roots
serve as breeding and nursery areas for many marine species, and
as substrata and shelter for a diverse group of organisms
(Sutherland, 1980; Odum et al., 1982).

Mangrove shores are extemely vulnerable to oil spills
(Gundlach and Hayes, 1978; Bacon, 1970; Odum and Johannes, 1975).
However, there has been little research involving the effects of
oil on mangrove root communities. Cairns and Buikema (1984)
suggest that studies of mangrove communities, combined with long-
term monitoring at maﬁgrove oil spill sites, are needed to help
make appropriate decisions about management of future spills. The
0il spill at Isla Payardi, Bahia las Minas, Panama, thus

represents an opportunity to gain insight into the effects and

potential management of oil spills in ecosystem that is extremely
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important on a worldwide scale, and is in addition a major

component of the southeastern coast of the United states.

MATERIALS AND METHODS
Three intertidal zone habitats of the red mangrove,

Rhizophora mangle L., in the area around Bahia las Minas include:

(1) trees fronting the open ocean, generally along-the inner
margins of frinéing reefs, (2) those along the banks of major
channels leading from the open sea, and of large lagoons into
which the channels lead, and (3) those in brackish water streams
and man-made ditches which run from landward into lagoons and/or

drain interior areas of mangrove forest.

The coverage of space on intertidal mangrove roots in the
above thrge habitats (hereafter called open, channel and river)
was first surveyed during September - October 1981. Several areas
of shore within each habitat were haphazardly chosen, and a
starting point (tree) within each area was picked at random. From
this point, 25 roots to the left and 25 roots to the right were
chosen for sampling using a random numbers table. Roots which
hadn't grown down into the water and those which had grown firmly
attached to the mud were rejected and the nearest root which met
the sampling criteria was sampled instead. Each selected root was
lifted from the water and length from waférline to root tip and
diameter at the waterline was measured; Percent cover of fouling
and encrusting organisms was visually estimated.

Sampling was repeated in January 1982, and again in June

1982, except that for the June 1982 survey, data exist for only
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25 roots each in channel and river habitats, and for no roots in
open habitat.

Mangrove roots were again sampled in July-August 1986, and in
October-November 1986, roughly four and seven months after the
o0il spill. Percent cover of 100 roots was visually estimated in
each of the three habitats described above in (a) an area where
oil had-drifted ashore and (b) where no oil had landed. Methods
of selection and monitoring of roots were similar to those used
in 1981-2, except (1) four separate subareas ("sites") within
each habitat were sampled, (2) percent cover was estimated more
quantitatively, by recording what lay under each of 50-100
(depending on root length) numbered plastic bands arrayed along a
wooden dowel that was held against each root, and (3) some

unoiled sites were located up to 25km away from the original area

sampled.

RESULTS

Root dimensions - Table 1 shows mean lengths of roots sampled

within each habitat for all dates sampled. Root lengths that
increased signifiéantly between monitoring periods (t-tests,
p<0.05) have a line between their dates. Roots sampled prior to
the-spill (October 1981, January 1982, June 1982) did not differ
in mean lengths. Changes in root length between 1982.and 1986
were not considered, because of the extenéed time period between
sampling and because exactly the same aréas were not sampled.

However, the same areas were sampled in August and November 1986,

allowing comparison. In each habitat, root length increased
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significantly in both oiled and unoiled areas over this period, 97
but the change was relatively greater in oiled areas. In
November, roots averaged 81%, 98% and 65% longer than in August,
at open, river and channel habitats respectively. At unoiled
areas, respective increases were 12%, 32% and 30%. This non-
intuitive result occurred because many smaller ;oots at oiled
sites had died and fallen off by November, skewing the size

distribution (personal observation).

Undisturbed epibiotic community on Rhizophora roots - To

characterize similarities and differences among habitats in
the epifaunal root community, I lumped all roots from prespill
and postspill, unoiled area monitorings, for each of the three
habitats. Table 2 shows the occurrence of various taxa in open,
channel and river habitats. Overall, there is a decrease in the
number of species from open (55) to channel (37) to river (19).
For most groups that overlap between or among habitats, the same
species occur (e.g. the species of bivalves that occur in
river habitat also occur in channel habitat). Algae, however,
overlap at species level only 25% between open and channel roots
and 35% between open and river and between channel and river.
Some entire groups are absent from a given habitat - sponges,
hydroids -and bluegreen algae from river féots; and bivalve
molluscs from open roots.

Even though the same species may occur in two or more
habitats (above), abundances can vary widely, and each habitat

appears to support a distinct epifaunal community. Table 3 shows
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means and standard errors for the percent cover of major.species
or categories occupying space on open, channel and river roots.
Open coast mangrove roots are characterized by a diverse group of
erect algae (at least 24 species, combined mean cover of ~27%),
diatoms and blue-greens, hydroids, and sponges. There is
considerablev("22%) bare space on roots; the remaining ~15% is
occupied by rare organisms, including amphipod tubes, coralline
crusts, anemones, barnacles, tunicates, corals, ectoprocts,
vermetids, stromatolites and vascular plants.

The channel root community is dominated by bivalve molluscs,
which cover a combined average of 55% of the space on roots. The

most abundant of these is the edible oyster Crassostrea

rhizophorae; three other bivalves are also relatively common

(Table 3). Barnacles, rare on open coast roots, average more than
10 percent cover on channel roots. Algae are also less abundan;
and less diverse than on the open coast (~11 species, mean cover
of "6%). There is relatively little unocuppied space (15%) on
channel roots; the remainder (~13%) is covered by various rare
species: sponges, anemones, diatoms and blue-green algae, dead
bivalve shells, hydroids, ectoprocts, vermetids, tunicates and
bryozoans.

A bivalve mollusc, the false mussel Mytilopsis domingensis,

dominates river mangrove roots (mean of ~40% cover, Table 3).

Crassostraea, the most common species on channel roots, is rare

(<1% cover). Bare space averages 26%, similar to its abundance on
open shore roots. Diatoms cover a mean of 12%, erect algae ( 11

species) cover a mean of ~9%, and the barnacle Balanus improvisus
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averages 9% cover. Rare space occupants, including amphipod
tubes, vermetids, another species of barnacle, dead mussel shells

and empty barnacle tests account for the remainder (T2% cover).

Rhizophora root community at unoiled and oiled areas - I here

compare space occupancy on Rhizophora roots in oiled and unoiled
areas four and seven months after the oil spill. Taxa consisting
of many species, rare species or those that have not yet been
identified are grouped (e.g. erect algae, hydroids); others are

given separately (e.g. Mytilopsis, Crassostrea). Within a given

sampling period, comparisons between groups or species in oiled
and unoiled areas are made using Mann-Whitney U tests.

Table 4 shows space post-spill space occupancy on open coast
mangrove roots. The amount of bare space was significantly less
at oiled than unoi%ed areas (p<0.001) on both dates. There was a
concommittent increase in percent cover of diatoms at oiled areas
(p <0.01, November 1986 - the cover of oil and diatoms could not
be separated in August 1986 because diatoms had séttled on oiled
as well as bare space, obscuring oiled surfaces). Sponges,
although never very abundant (overall mean cover of “3% on
undisturbed roots - Table 3), covered less space at oiled than
unoiled areas in August (p<0.05), and had disappeared from oiled
areas in November. Hydroids were relativéiy uncommon in August at
both oiled and unoiled areas (p>0.l1), but.were significantly more
abundant in November at unoiled sites than either at oiled sites
(p<0.05) or on unoiled roots in August (p<0.05). Erect algae

covered considerable space at all sites and dates. Percent cover
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did not differ between oiled and unciled areas in August 1986 or
between unoiled sites in August and November 1986 (p>0.1, both
cases). However, erect algal cover decreased by about 40% from
August to November at oiled areas, and was significantly less
abundant than at unoiled areas in November (p<0.05). Since algae
are a major component of the root community on open coast sites,
I examined differences in species composition and abundance
between oiled and unoiled areas. There were three major changes.
First, at oiled areas, turf-forming species such as Ceramium

spp., Derbesis spp., Ectocarpus spp., Cladophora spp., and

Polysiphonia spp. totally disappeared. In August, these mixed
turfs occurred on 59/100 unoiled roots at a mean cover of 21.8%,
compared to 6/100 oiled roots at 9.7%. In November, mixed turfs
were present on 58% of unoiled roots with a mean cover of 23.0%,
but were absent on oiled roots. Second, there was an apparent

"bloom" of the green alga Caulerpa verticillata at oiled sites,

where it covered 62% cover on the 23 roots it occurred on in
August 1986, and 28.4% cover on 32 roots in November 1986. At

unoiled areas, C. verticillata was absent (in August 1986) or

rare (found on 6/100 roots, mean cover on those six roots was
6.2%). Finally, at oiled areas, an unidentified crustose
coralline alga covered 1.5% of the two (in August) and of the
four (in November) roots where it occurréd, compared to means of
7.2% cover of 18 roots (in August) and 8.6% on 51 roots (in
November) where there was no oil. .

Table 5 shows space occupancy of mangrove roots in channel

habitat in oiled and unoiled areas since the oil spill. There was
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.
less bare space on roots at oiled areas than at unoiled areas ]le
both in August and November 1986 (p<0.05, both cases). Diatoms
were significantly more abundant at oiled areas in August only

(p<0.05). Bivalve molluscs are the most abundant group in this

habitat; of these, the most common is the oyster Crassostrea

rhizophorae (Table 3). Live Crassostrea were less abundant at

oiled areas (~21% cover) than at unoiled areas (7 36%) in August
(p<0.001) and, By November, had dropped to about 5% at oiled
areas compared to 32% at unoiled areas (p<0.001). The slight
decrease in percent cover over time at unoiled sites was not
significant (p>0.1). The shells of dead individuals remain

attached to roots for some time - dead Crassostrea averaged

between 1 - 2 percent cover on roots at unoiled areas and between
13 - 21 percent at oiled areas (p< 0.05). The barnacle Balanus

improvisus covered significantly less space at oiled than unoiled

areas at both post-spill sampling dates (p<0.001, both tests), as

did two less common bivalves, Mytilopsis domingensis and

Brachidontes exustus (p<0.03, all cases). Another relatively

uncommon mollusc, the oyster Isognomon alatus, covered more space
at oiled than at unoiled areas in August (p<0.01), but not in
November (P>0.3). No oil was recorded in percent cover estimates

for channel roots. However, o0il was present. Crassostrea forms a

nearly solid belt in the intertidal portions of the root; most

Crassostrea were coated with oil.

Changes in space occupancy were most-.obvious on roots in the
river habitat (Table 6). All ordinarily abundant groups (mussels,

barnacles, erect algae, and diatoms - Tables 2, 3) were absent or
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rare at‘oiled sites in August, and all were absent in November.
Instead, oil and a bacterial slime covered virﬁually all space
(the space unaccounted for in both months was dead mussels and
barnacles too covered by oil and bacteria to identify). At

unoiled sites, Mytilopsis and diatoms became more abundant from

August to November (p<0.05, p<0.10), and Balanus cover decreased

(p<0.05).

DISCUSSION
Despite (1) the limited amount of data available on this
region's mangrove root epibiota prior to the oil spill, (2) the
absence of data from the period immediately prior to the spill,
and (3) the short-term and limited nature of post-spill
monitoring to date, several conclusions can be drawn.
First, there appears to be a distinct biological community on

submerged Rhizophora roots in each of the three habitats examined

(Tables 2, 3). Open shore mangrove roots have the highest species
richness (Table 2). A moderate amount of bare space is available,
and no single species dominates space. If species are lumped into
higher taxonomic groups, erect'algae and diatoms together average
over 50% cover (Tabie 3). Roots in channels have intermediate

species richness (Table 2). Algae are diverse, but rare. There is

less bare space, and bivalve molluscs, eébecially Crassostrea

rhizophorea, dominate space. Barnacles are also abundant (Table

3). The river habitat supports a less rich community (Table 2).
Several taxa found in both open and channel habitats do not occur

on river roots - notably sponges, hydroids, blue-éreen algae and
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ectoprocts. Roots in rivers have roughly the same bare space

available as those in open habitat (Table 3). Space is dominated

by the false mussel fllytilopsis domingensis. Barnacles, algae and
diatoms are also relatively abundant.

The Rhizophora root community at Punta Galeta, described

by Batista (1980), is dissimilar to the open coast areas examined
in the present study (although many of the same species were
found). Differences are probably attributable to different
methods - I sampled roots only along the water/tree fringe, to
reduce possible variation caused by shading, current, etc;
Batista sampled trees well into the forest and those on the
margin.

The second major conclusion of this investigation is that oil
has had detrimental effects upon many organisms in all three root
communities. The amount of bare root surface (i.e. space
available for settlement) has been reduced significantly (Tables
4, 5, 6). Common or dominant organisms, including erect algae (in

open habitat) and Crassostrea (in channel habitat) have become

less abundant in oiled areas than in unoiled areas (Tables 3,4),
and several less common species have disappeared (e(g. sponges).
The species composition of erect algae on open roots has changed:
mixed algal turfs have disappeared from oiled areas, and an
ephemeral green alga (rare or absent in hhoiled areas) has become

the most common alga. Rhizophora roots inuriver.habitat appear

most seriously affected - the normal community has entirely
disappeared and roots are now covered with o0il and bacteria

(Table 6).



Mangrove Root Report 12

104

Additional monitoring is needed to completely assess the
effects of the April 1986 oil spill. Little evidence of recovery
exists for any habitat to date; in fact observations of the poor
state of trees and roots, particularly in channel and river
. habitats, suggest recovery may not occur for a considerable (many
years) period. The community on open shores appears least
affected (Table 4). Perhaps this, and the nearly constant washing
by waves during dry season, make it the most likely habitat to

show early signs of recovery.
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Table 1 Root Length Data

Habitat Condition Date Mean + S. E. N
Open Unoiled X 1981 29.8 + 2.3 48
I 1982 34.7 + 2.6 50
VIII 1986 . 48.4 + 1.7 102

XI 1986 54.1 + 2.5 99
Oiled VIII 1986 33.2 + 1.6 100
XI 1986 60.0 + 2.4 100

Channel Unoiled X 1981 31.9 + 2.6 49
I 1982 29.8 + 2.2 49

VI 1982 29.5 + 3.7 24

VIII 1986 37.1 + 2.5 100
XI 1986 48.1 + 2.3 100

Oiled VIII 1986 35.8+ 1.8 100

XI 1986 59.2 + 2.8 100

River Unoiled X 1981 34.3 + 2.7 50
I 1982 32.6 + 2.4 48

VI 1982 32.5+ 4.0 25

VIII 1986 54.5 + 2.6 100

XI 1986 72.1 + 3.0 100

Oiled VIII 1986 32.7+1.9 100

XI 1986 64.7 + 3.2 100

Data are the mean + one standard error for roots sampled in
each monitoring period and habitat. :



Table 2 Number of Species in the Epibiotic Community

on the Submerged Roots of Rhizophora mangle

Habitat:
Open Channel River
Type of
Organism:
1
Algae 24 11 11
Bivalve 0 4 3
molluscs :
Barnacles 3 3 2
Hydroids 3 3 0}
Sponges 8 8 0
Diatoms 3 1 1
Blue-green 4 1 0
algae
Other sessile 10 6 2
invertebrates
Total: 55 37 19

1: Includes all erect and crustose algae, except blue-green
algae.
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Table 3 Percent Cover of Major Space Occupants

on Rhizophora roots

Habitat Group or Species Mean + S.E.
Open v Erect algae 27.3 + 1.6
(n = 299)
Diatoms 26.9 + 1.7
Hydroids 6.6 + 0.7
Sponges 2.8 + 0.5
Bare 21.5 + 1.5
Channel Barnacles 11.1 + 0.6
(n = 321)
Bivalves : 55.0 + 1.5
Balanus improvisus 9.5 + 0.5
Crassostrea 40.7 + 1.4
rhizophorae .
Isognomon alatus 3.1 +0.3
Diatoms 6.4 + 1.0
Bare 14.9 + 1.2
River Barnacles 9.4 + 0.9
(n = 324)
Bivalves . 41.4 + 1.5
Mytilopsis 40.1 + 1.5
domingensis
Balanus improvisus 9.1 +0.9
Erect algae 9.0 £ 0.7.
Diatoms 12.4 + 0.9
Bare 26.1 + 1.3

o

Data are the mean + one standard error from combined samples
for pre-spill and unoiled areas (1981, 1982 and 1986).



Table 4

Group:
Erect algae
Hydroids
Sponges
Diatoms

0il

Bare

Patterns of Space Occupancy of Major Groups on

Rhizophora Roots in Open Habitats in 1986

After the 0il Spill

Unoiled ,
August November
21.0 + 2.2 22.3 + 2.1
3.7 + 0.8 10.8 + 1.6
3.2+ 0.9 2.4 + 0.7
31.9 + 2.7 25.4 + 2.1
0 0
18.2 + 1.7 16.5 + 1.4

August

20.6
2.3
1.0

70.4

2.0

v i+ I+ I+ I+

I+

Oiled

3.2
1.8
0.1
3.5
(*)
0.4

November

13.3 + 2.2

1.0

41.9

29.3

9.7

*

I+ I+ o

I+

Data are the mean + one standard error for percent cover estimates
from 100 randomly-selected roots in each monitoring group

1.1

2.0

1.8

1.1

% "p" jindicates present. Both bare and oil-covered root surfaces were
covered with diatoms. These could not be separated during monitoring
without damage to the diatom layer.
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Table 5

Group:

Crassostrea
rhizophorae
Dead
Crassostrea
Isognomon
alatus
Mytilopsis
domingensis
Brachiodontes
exustus
Balanus

improvisus
Diatoms

Bare

Patterns of Space Occupancy of Major Groups on
Rhizophora Roots in Channel Habitats in 1986
After the 0il Spill

Unoiled Oiled
August November August November

36.1 + 2.6  32.2 + 2.0 20.6 + 2.3 4.7 0.7
2.2 + 0.4 1.4 + 0.2 21.4 + 2.5  12.6 + 1.3
1.8 + 0.3 2.8 + 0.5 5.9 + 1.0 3.0 + 0.5
6.2 + 1.1 5.3 4+ 1.1 3.6 + 0.7 1.2 + 0.3
6.3 + 0.9 3.2 + 0.6 0.6 + 0.1 1.3 + 0.3
5.8 + 0.7  11.3 + 1.1 1.4 + 0.3 3.9 + 0.8

11.2 + 2.1 9.2 + 1.1 29.3 + 2.7 8.7 + 1.6

14.4 + 1.8 13.8 + 1.4 6.4 + 0.9 8.2 + 1.4

Data are the mean + one standard error for percent cover estimates
from 100 randomly-selected roots in each monitoring group.



Table 6 Patterns of Space Occupancy of Major Groups on

Rhizophora Roots in River Habitats in 1986

After the 0il Spill

Unoiled .
August November
Group:
Mytilopsis 34.4 + 2.7 53.3 + 3.6
domingensis
Balanus 11.1 + 1.7 6.1 +1.1
improvisus
Erect algae 9.6 + 1.5 10.4 + 1.5
Diatoms 15.9 + 1.7 21.4 + 1.8
Bacterial 0 0
slime
0il 0 0
Bare 25.8 + 2.3 23.7 + 1.7

Oiled
August November

0 0

0 0

0 0
0.5 + 0.2 0
33.0 + 2.7 3.3 £ 0.7
49.9 + 3.2 89.2 + 1.4
2.9 + 0.5 6.2 +1.0

Data are the mean + one standard error for percent cover estimates
from 100 randomly-selected roots in each monitoring group
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EFFECTS OF MAY, 1986 OIL SPILL ON GONODACTYLID
STOMATOPODS NEAR GALETA POINT

Stomatopods, or mantis shrimp as they are commonly known, are a small group of
primative marine crustacea most commonly found in shallow tropical waters. The group
is characterized by an enlarged pair of second thoracopods that serve as raptorial
appendages and which are used in prey capture and processing. The raptorial
appendages also function as effective offensive and defensive weapons in intra- and
interspecific aggressive interactions. Caldwell and Dingle (1975) divided stomatopods
into two functional groups, 'spearers' and 'smashers'. Spearing species generally have
siender, multi-spined raptorial appendages used to impale or seize soft-bodied prey such
as shrimp and fish. These species are most likely to be found in muddy or sandy
habitats where they excavate burrows. Nine of the currently recognized 12 stomatopod

families fall into this category.

In contrast, smashing species have heavily armored raptorial appendages which are
used as hammers to crush hard-shelled prey such as snails and crabs. Typically,
smashers occupy pre-existing cavities in coral or rock which they vigorously defend
using their formidable weapons. There are three families of smashers, the most common
being the Gonodactylidae. Because of their aggressiveness, highly developed
communication systems, small size, abundance, and the ease with which they can be
collected and maintained in the laboratory, gonodactylids have frequently been used in
behavioral and ecological research (see Caldwell and Dingle, 1976; Reaka and Manning,
1980; Reaka, 1985; Caldwell, 1986b for reviews).

Much of the research on gonodactylid stomatopods has been conducted by Caldwell
and his students on the Atlantic coast of Panama at the Galeta Marine Laboratory of
the Smithsonian Tropical Research Institute. Here, gonodactylids are unusually abundant,
occurring in densities of up to 20 m? on shallow reef flats and Thalassia beds. Almost
every piece of coral rubble or coralline algae that contains cavities has at least one
stomatopod living in it. There is also a high species diversity. Three Gonodactylus, G.
bredini, G. oerstedii, and G, austrinus, commonly are found from the low intertidal to a
depth of a few meters. Another species, G. spinulosis, is occasionally recorded from
this habitat. Two other species, G. curacaoensis and G. torus, occur in deeper water.

Gonodactylids, given their size (up to 65 mm total length) and high local
abundances, are often a major component of the low intertidal community. For example,
during severe exposures of the reef flat at Galeta during the early summer, we have
recorded herons and egrets taking up to 4 stomatopods per minute (Caldwell, 1986b).
Gonodactylids are also frequently preyed upon by large fish and octopus (Reaka, 1985).
As predators, gonodactylids have been shown to be capable of structuring local prey
populations of hermit crabs and snails, each stomatopod consuming up to 10-12
gastropods per day (Caldwell et. al, 1986). '



PREVIOUS STOMATOPOD RESEARCI: AT GALETA

Because of the extremely large numbers of easily accessible gonodactylids around
the Galeta Marine Laboratory, Caldwell initiated research on the behavioral ecology of
stomatopods at the marine station in 1976 and 1977. Work at this time consisted
primarily of collecting animals in the field for laboratory studies of aggressive behavior
and communication. In 1979, we began a five year study, funded by the National
Science - Foundation, to explore assessment strategies in G. bredini. As part of this
project, a systematic sampling program was established to monitor local gonodactylid
populations with respect to over-all density, the size structure of the population,
growth, reproduction, and recruitment. This was necessary since it was found early in
our work that gonodactylid behavior varied considerably with several physiological
variables. We discovered marked lunar and annual periodicities in such processes as
molting, reproduction, and recruitment, but there also was considerable seasonal and
annual variation. Much of this variation appeared to stem from differences in the
severity of tidal exposures. But in other cases, such as the recruitment of postlarvae
onto the reef flat, the reasons for large-scale fluctuations remain unclear.
Nevertheless, this variation made it essential that we monitor any population from which
were removing animals for behavxoral experiments or on which we were taking field
observations.

Over the five year period from 1979 to 1983, we worked primarily at four locations:
Isla Margarita, Galeta Point (Antenna Site), Mina, and Largo Remo. These sites are all
within 5 km of one another, yet there appears to be little or no movement of adults
among them, possibly because they are separated by deep water channels and stretches
of inappropriate habitat. The different sites were monitored at different times and
using different techniques. However, for all but Galeta Point, we have data from all
seasons spread at least over two years.

Three different sampling techniques were used. The first consisted of density
studies where all suitable substrate that might contain gonodactylids was removed from a
given area and broken apart to reveal the stomatopods. In some cases, we used 49 m?
quadrates, but most consisted of 1 x 10 m transects or 1/2 m? quadrates. While this
method yielded unbiased density estimates, it was extremely time-consuming and often
did not produce a sufficient number of stomatopods required for behavioral
experiments.

The second monitoring method consisted of collecting pieces of coral rubble or
coralline algae that were judged likely to contain gonodactylids, breaking them, and
retaining all stomatopods. Rocks were broken until -we collected approximately 100
animals and the process was repeated every five days: ' While this method may slightly
overestimate the proportion of large animals in a population because we did not select
rocks smaller than 150 cc, it does give a good picture of the sex-ratio in a particular
size class, the frequency of injury, reproduction, and molting activity.

The third monitoring technique made use of artificial concrete cavities which were
placed in the field and from which stomatopods could be easily extracted. The cavities
were checked every one or two days. By varying the size of cavity, we could
selectively capture different sized animals. This technique allowed us to monitor which
animals were moving in a population and had the advantage that we did not have to
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destroy natural cavities to collect gonodactylids. However, without one of the other
two methods, its use as a population monitor was extremely limited.

All animals collected in the field were returned to the laboratory where they were
identified, sexed, measured, staged for molt and reproductive activity, inspected for
wounds, and then held for three days to record if they laid eggs or molted. If animals
molted in the laboratory or were captured in the field with their molt skins, it was
possible to calculate how much they grew by comparing the length of the old and new
carapace. Animals were not returned to any of the collecting sites. During the five
years that we continued this study, over 50,000 gonodactylids were processed. However,
even after removing this many animals, we could detect no decline in local stomatopod
populations. Recruitment was extremely heavy each year and there was continual
colonization from adjacent areas with very large stomatopod populations.

(POST-SPILL SAMPLING)

To monitor gonodactylid populations after the May, 1986 oil spill which occurred
near Galeta, we worked in the area from September 8 - 28, 1986. Originally, we had
planned to repeat the same sampling procedures used previously at each of the four
primary locations. However, after inspecting these areas and discussing with STRI
personnel where the oil had come ashore, we decided to ignore Galeta Point since there
appeared to be little damage to the ‘stomatopod community in that area. Rather, we
concentrated our efforts on Isla Margarita, Mina, and Largo Remo. Furthermore, the
north reef flat of Largo Remo appeared to be much more effected by the spill than did
the west reef flat. Since we collected data before the spill from both locations, we
decided to sample the two as separate areas.

Because of seasonal changes in gonodactylid populations, we can only compare data
that were taken at the same time of year. This further reduced the amount of
information available about these four sites, particularly in the case of density
estimates. Since there is the possibility that we will be able to follow these
populations in the future, we decided that it still would be useful to conduct density
estimates at each location. At each of the four sites, we selected a 400 m? area for
future sampling. Each plot was as similar as possible with respect to substrate type,
water depth, and Thalassia. Specifically, we selected low intertidal Thalassia beds with a
firm, sandy substrate and only moderate amounts of coral rubble and coralline algae.
We avoided areas with solid coral bench, soft mud, or rubble bars. The areas selected
were in the same location or were similar to areas sampled in previous years. Sampling
consisted of randomly choosing 30, 1/2 m*® quadrates from within each plot. We then
recorded the physical characteristics of each and removed all hard substrate with a
volume greater than 2 cc. Each piece was then measured and broken apart and any
stomatopod contained collected. :

To increase our sample size, we also collected pieces of coral rubble (>150 cc) from
areas near the density plots and extracted animals from them. This was done in each
of the four areas until we had a minimum sample of at ‘least 300 gonodactylids. These
numbers were needed to estimate the frequencies of injury and molting in each area. A
total of 1,489 gonodactylids were collected from the ‘four areas. Over 90% were G.
bredini, the remainder were G. oerstedi, G. austrinus, and one G. spinulosis. For the
purposes of this report, all species of Gonodactylus are pooled.
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POPULATION SIZE

Table 1 provides the size distribution and sex, as well as an estimate of density per
m2, of the Gonodactylus captured at Margarita, Mina, Largo Remo - North, and Largo
Remo - West as part of the the density estimates (30, 1/2 m? quadrates) The only
comperable data available for this time of year prior to the spill come from Margarita
where were Steger (1985) estimated a mean density and standard error of 9.6 .59
Gonodactylus per m2. This is remarkably close to the value of 9.9 21.51 that we
obtained this year. The estimates from the other three areas taken September, 1986
were somewhat less, but without appropriate studies prlor to the spill, it is difficult to
determine if these populations are depressed.

One aspect of these data that appears unusual is the lack of large Gonodactylus
over 40 mm in total length from Largo Remo - North and Mina. These animals would be
at least two to three years old and their numbers normally do not fluctuate widely as
does the abundance of smaller animals which reflect sporadic recruitment (Steger, in
prep.). The pattern at Largo Remo - West and Margarita is more typical of
gonodactylid populations that we have sampled in the past. Individuals in excess of 45
mm in total length are common and there are usually more large females than males.
This skewed sex-ratio apparently is ‘the result of greater risk to males who must
abandond their cavities to breed (Caldwell, 1986c). Note that of the 101 Gonodactylus
collected at Mina and Largo Remo - North, only 2 (both males) were 40 mm or larger.
This contrasts with Margarita and Largo Remo - West where 31 (10 males, 21 females)
of the 240 animals captured were at least 40 mm long (G-Test, G = 12.2, P < .001).

Further support for this is found by comparing the size frequency distribution of all
Gonodactylus collected at both Largo Remo sites in 1986 with animals captured at the
same locations and at the same time of year in 1981 (Figure 1). In 1986, Largo Remo -
West had a considerably greater number of large animals (> 44 mm) than did Largo
Remo - North (G-Test, G = 25.4, P < .001). In 1981, just the opposite was true (G-Test,
G = 14.3, P < .001).

Also note that in 1981, there were many Gonodactylus under 15 mm long. These
animals probably settled out of the plankton in the previous four months. In 1986,
there appears to have been almost no recruitment during the summer, although a few
animals did recruit in September. However, we cannot at this time attribute this
difference in recruitment to the effects of the oil spill since recruitment is frequently
erratic in the summer. To determine if there have been long-term effects on the
recruitment of Gonodactylus, it will be necessary to follow these populations at least
through the winter and spring when recruitment is typically much more constant.

CAVITY VOLUME .

Gonodactylus typically live in some type of pre-existing cavity in a hard substrate.
Cavities are essential to gonodactylids as a refuge from predators, as a site to ambush
and process prey, for protection when molting, and for brooding eggs and larvae. At
Galeta, cavities in coral rubble and coralline algae are most frequently used, although
animals are occasionally found living in gastropod shells, cavities in live corals, seeds,




117

wood, and even glass bottles. Frequently, these cavities are modified by using stones
and shells to repair gaps in the walls or to alter the diameter of the entrance, but
animals cannot usually construct and entirely new structures. Steger (1985) has
provided evidence that in at least some populations, cavities are limiting and that
Gonodactylus compete aggressively for them. He has also shown that there is a strong
correlation between the size of a stomatopod and the volume of its preferred cavity.
This probably occurs because the size and shape of the cavity is important with respect
to how well it can be defended against other stomatopods as well as predators (Steger,
1985; Caldwell, 1986 b). Typically, large cavities are more limiting than are small ones
(Steger, 1985). Also, in aggressive contests for cavities, larger animals are more likely
to win (Caldwell, 1986 a). As a result, where competition for cavities exists,
Gonodactylus are forced to occupy cavities of less than their preferred volume.

In September, 1986, we measured the volume of 46 cavities occupied by
Gonodactylus at Largo Remo - North. This was done by haphazardly collecting pieces of
rubble in the field and placed them in plastic bags. They were then returned to the
laboratory where the resident stomatopods were carefully removed by alternately being
proded and dipped in fresh water. Once the animal fled the cavity, all entrances but
one were plugged with clay and the cavity filled with lead shot. The shot was then
poured out and its volume measured. Steger (1985) had previously performed an
identical procedure in 1980 measuring 119 cavities at Margarita.

Figure 2 compares the relationship between the length of a stomatopod and the
volume of its cavity for these two area. Clearly, for any given body size, Gonodactylus
at Largo Remo - North after the spill occupied larger cavities than they did at
Margarita prior to the spill. Using analysis of covariance, the two slopes are not
significantly different (P = .3), but the adjusted means are (P < .001).

Because of time constraints, we were only able to correlate animal size with cavity
volume at one location. Largo Remo - North was selected because it appeared to have
been most effected by the oil. Our previous experience at Largo Remo prior to the
spill indicated that cavity limitation was just as severe as at Margarita. The situation at
Margarita between 1980 and now does not appear to have changed.

WOUNDS AND INJURIES

One of the consequences of competition for cavities is that animals are frequently
wounded during aggressive contests or, after being evicted, are injured by predators
(Berzins and Caldwell, 1983). This effect is most pronounced in larger individuals since
it is in these animals that competition for cavities is most intense (Steger, 1985). Since
beginning our studies at Galeta, we have recorded the ‘presence of such injuries in all
animals collected.

Table 2 presents data on the number of large animals (> 35 mm) collected at the
four sites studied after the spill that had at least one cuticular injury. These data are
compared to records of injuries taken prior to the spill at the same locations and at
the same time of the year. Injures are frequent at Margarita and did not differ
significantly from year to year. The same was true at Largo Remo - West except that
the frequency of injury was somewhat depressed in 1982. In contrast, at both Largo
Remo - North and Mina, the incidence of injury in the population following the spill was
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significantly reduced from previous years. In fact, injury levels for these two areas in
September, 1986 were the lowest that we have recorded for this time of year in the

Galeta area.

GROWTH

Growth in gonodactylids can be measured by recording the length of the carapace
before a molt and the length of the new carapace after the molt. Unfortunately, the
old carapace is one of the first parts of the molt skin eaten (usually in less than a
day) by stomatopods and it is rare that an animal is captured in the field with its
recently molted carapace. We have found that by holding animals in the laboratory
after capture and checking them daily for molt skins, we can greatly increase the
number of animals for which we can measure growth. There is, however, one problem
with this technique. The longer animals have been in the laboratory, the smaller the
increment of growth measured. The smaller the animal, the stronger the effect.
However, we have found that if adults molt within three days of capture, their is not a
significant decrease in the amount that they grow (Steger and Caldwell, in prep.). For
this reason, we only record growth for animals that molted in the laboratory within
three days of capture or that were found in the field with a complete molt skin. Also,
how much animals grow per molt varies with season. This is probably due to differences
in prey availability. Therefore, cross-year comparisons must be made for the same time

of year.

In Table 3, we present data for the percent growth recorded for individuals
collected at the four -study sites following the spill. These are compared to growth
values obtained from animals collected between 1979 and 1983 at the same locations
during the same season. To avoid the problems discussed above, only Gonodactylus
greater than 35 mm in length that molted within three.days of capture are included in
the analysis. Because of small sample sizes, we pooled data from Largo Remo - North
and Mina (apparent oil damage) and from Largo Remo - West and Margarita (little
 apparent oil damage). The relationship between body length and percent growth has a
negative slope. We tested for differences among the four groups using analysis of
covariance following the procedures outlined by Sokal and Rohlf (1981). The test for
homogeneity of slopes was not significant (F(3,45) = 1.82, p = .16). However, there was a
significant negative common slope of -0.18 %/mm (F(l,48) = 7.78, p < .008). And most
interestingly, there was also a significant difference in the adjusted mean growth
(F(3,48) = 9.24, p < .001); the animals collected from Largo Remo - North and Mina
after the spill growing approximately 50% more per molt than those collected at the
same locations prior to the spill. There was no difference between the adjusted mean
growth values for Largo Remo - West and Margarita before and after the spill or
between affected and unaffected areas prior to the spiHd.’

The rate at which stomatopods grow depends both on how often they molt as well
as how much they grow per molt. We can estimate “the frequency of molting by
calculating the percentage of animals that molt over a given period of time.
Gonodactylus over 35 mm in length would normally mblt every three or four months.
Very large animals molt at an even slower rate. However, caution must be exercised
when estimating inter-molt intervals because animals are most likely to molt at certain
times in the lunar period. Therefore, we require data from at least one complete lunar
cycle to adequately determine how frequently molting occurs. With this in mind, we

Lod



examined the frequency of molting for animals captured last September. The four areas
do not appear to differ with respect to inter-molt interval.

DISCUSSION

Our findings can be summarized into four major points. 1. At Largo Remo - North
and Mina, there is a decrease in very large animals, particularly females. This is the
case both when compared to previous samples taken at these two sites and when we
compare them to other nearby locations at this time. 2. The volume of cavities
occupied by animals at Largo Remo - North is larger than that previously measured for
Gonodactylus in this area. 3. The percentage of injured large animals is much lower at
Largo Remo - North and at Mina than was previously measured at these locations or
than is currently found in other adjacent locations. 4. Large animals at Largo Remo -
North and Mina are growing more per molt than did animals from these same areas prior
to the spill and they are also growing more than individuals from other nearby areas.

How do we explain these phenomena? The loss of large animals from Mina and
Largo Remo - North, but not Margarita and Largo Remo - West, appears to be
correlated with the amount of oil that came ashore last May. STRI personnel report
that both the north side of Largo Remo and Mina received a considerable amount oil,
This is borne out by the large amount of oil that can still be found in these areas.
The mangrove roots are covered by oil in both locations, many trees are dead, and any
disturbance to the sandy substrate in the low intertidal produces oil. In contrast, little
surface oil can currently be found at Margarita or on the outer reef flat were we
sampled at Largo Remo - West. Also, the habitats in the areas where the oil came
ashore appear to be much different while at Largo Remo - West and Margarita they
look, at least superficially, as they did prior to the spill. At Largo Remo - North, the
entire Thalassia bed that occurred in the low intertidal just in front of the mangroves
is gone. No Thalassia blades are visable and the root systems appear dead. Also, there
are far fewer invertebrates found living in the coral rubble and coralline algae nodules
in there areas than occurred previously or than are currently found at Margarita and
Largo Remo - West. We found few of the gastropods, crabs, snapping shrimp, annelids, or
coelenterates that typically in_ this type of rubble. On the other hand, there has been
an apparent explosion in the number of hermit crabs. Almost every piece of rubble is
covered with hundreds of hermits. We suspect that this is due to the deaths of large
numbers of snails in the upper intertidal. This provided a large supply of empty shells.
Snails such as Battilaria minima and Cerithium sp., which used to be abundant in these
areas, are now much less common and most of the hermit crabs are now living in shells
from these species.

Mina appears less severely impacted than Largo Remfo - North, but it is still much
different than we remember it prior to the spill. There are stands of Thalassia, but
there are fewere invertebrates in the rubble and there are many more hermit crabs.
Also, in 1983, we observed the burrows of 34 Lysidsquilla scabricata in the low
intertidal at Mina. This is a large (200 mm) stomatopod that excavates burrows up to 7
cm in diameter in sandy substrates. In the three weéks that we repeatedly searched
this area, we did not see one.

Unfortunately, we do not have quantitative data on species other than stomatopods
from these areas. Still, given the number of years that we worked in these habitats
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and the fact that other nearby areas that did not receive as much oil are still as we
remember them, we must conclude that Mina and Largo Remo - North were effected by
the oil. We did initiate sampling of hermit crabs and snails in these areas in
September, 1986 and should be able to track changes in these populations in the
future.

But why should just the large Gonodactylus be missing from the effected areas?
For reasons that we do not understand, large Gonodactylus typically move into the
intertidal to mate and brood their eggs. During severe early summer exposures of the
reef flat, they are frequently driven to deep water, but then move back up into these
areas to breed later in the summer. When the oil came ashore, it was a time of
extreme tides. We suspect that the effects of the oil were most severe in the mid to
upper intertidal. This is where the Thalassia bed and snails were killed at Largo Remo
- North. Many of the Gonodactylus in this area would have been large, breeding
individuals. There would have been a greater proportion of smaller animals in deeper
water. If direct contact with oil killed stomatopods, it is most likely that the animals
in the intertidal would have suffered most and this would have included a larger
proportion of big animals. Also, brooding females are very reluctant to leave their
cavities (Montgomery and Caldwell, 1984). They may have remained in the effected area
longer than males and therefore been more at risk. Since we were not at Galeta during
the spill, this is only speculation. But it is consistent with what we have been told
about how the oil came ashore and with the biology of Gonodactylus.

Why are animals in the effected areas occupying larger cavities? As documented by
Steger (1985, in prep.), there is competition for cavities by Gonodactylus with animals
forced to live in cavities of less than the preferred volume (see above). If many of
the large animals were killed at Largo Remo - North, their cavities would become
available allowing smaller animals to move up into their preferred size of cavity. The
release from competition in the largest sizes would cascade down so that most animals
could eventually occupy cavities of the preferred volume. In fact, the size of cavities
being occupied now at Largo Remo - North is almost identical to the preferred cavity
volumes found by Steger (1985).

This release in competition for cavities can also help explain the reduced levels of
injury recorded at Mina and Largo Remo - North. If most animals in these areas can
acquire preferred cavities, there will be fewer animals looking for new cavities and less
fighting. This means fewer injuries from predators and other stomatopods. Lower
densities of stomatopods and predators would also contribute to this effect.

Finally, how do we explain the increased growth rates at Largo Remo - North and
Mina? We see two contributing factors. First, with less competition, foraging may be
easier and less time and energy spent on fighting for cavities. Second, the increased
numbers of hermit crabs in these areas provide an almost unlimited and easily
accessable food supply. Even though other prey are now harder to locate, almost every
stomatopod has literally hundreds of hermit crabs within a few centimeters of its
cavity. This means that foraging time is minimal and the animals can basically eat as
many hermits as they can process. Interestingly, it does not appear that small
stomatopods are growing any faster in these areas than' they are elsewhere. This seems
reasonable given that small Gonodactylus do not prey on hermit crabs of the sizes now
so abundant (5 - 15 mm shell length)(Caldwell et. al, 1986).




PREDICTIONS

A natural experiment has been performed at Galeta which, because of the patchy
effects of the oil, has selectively removed large stomatopods from certain areas. The
results appear to have been a reduction in levels of competition in these areas along
with a possible increase in prey availability. We predict that as stomatopods grow and
again become more numerous in the larger size-classes, competition should increase.
With this should come animals occupying cavities smaller than the preferred volume,
more injuries, and reduced levels of growthy (depending, at least in part, on what
happens to the hermit crab populations). T the small animals (15-30 mm) currently
present on these sites survive and continue to grow and if recruitment is unaffected,
these changes should begin to occur in one to two years. Colonization by large animals
from adjacent, less-affected areas could accelerate this process.

However, we must point out that we do not yet know what effects, if any, the oil
will have on recruitment or if there will be long-term effects due to continued exposure
to oil. Given their position as major predators in this environment, there could easily
be a build-up of hydrocarbons in these stomatopods that could ultimately impact on
their growth and/or reproduction) We feel that it is important that these populations
continue to be monitored for at least the next two to five years to determine if there
are long term effects. Even if these populations quickly return to pre-spill equilibria,
this is a rare opportunity to document how competitive interactions can structure a

population,
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2 quadrates taken at each

"Table 1. Numbers of gonodactylids found in 30, 1/2 m
of four similar sites near Galeta during September, 1986. Animals were removed

from cavities in all pieces of hard substrate with a volume greater than 2 cc.

Size Largo Remo Mina Largo Remo Margarita
(mm) North West
M F M F M F M F
<12 * 0 2 1 5
12-14 0 0 0 2 4 3 2 5
15-19 2 4 12 15 9 7 9 12
20-24 4 4 6 7 6 4 15 13
25-29 2 3 3 3 6 11 13 16
30-34 1 4 4 4 - 8 5 7 13
35-39 2 0 6 8 4 5 6 16
40-44 1 0 2 0 1 6 4 3
45+ 0 0 0 0 4 7 1 5
Mean _
Gonodactylids g ., 4 4.9 +.85 6.1 £1.53 9.9 $1.51
per 1 m
+ 1 S.E.

+

* Sex cannot be determined in gonodactylids less.than 12 mm total body length.

4
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Table 2. Number of wounds and injuries sustained by large (>35mm) gonodactylids
collected at four locations near Galeta during Septemtor, 1986 (four months

following the oil spill) and at various times prior to the spill,

~Location Year # Injured # Not Injured Z Injured
Largo Remo - North 1986 12 ‘ 113 10%
1981 24 94 20z *
Mina 1986 18 142 11%
1981 22 41 35% k%
1983 47 155 237 *%
Largo Remo - West 1986 49 79 38%
1981 21 37 367
1982 27 101 21% **
Margarita 1986 42 70 38%
1980 17 53 257

1981 16 35 31%

* Significantly different from 1986 at same location, G-Test, p <.05
*% Significantly different from 1986 at same location, G-Test, p <.0l



122

Table 3. Percent growth of Gonodactylus from sites with oil damage (Largo Remo -

North and Mina) and with little apparent oid damage (Largo Remo - West and Margarita).
Data collected September, 1986 are compared with values obtained from the same

-locations at the same time of year from 1979-83.

Location and Adjusted Mean t 95% Comparison N
Date of Collection Growth (%) Intervals
Largo Remo - North 9.44 1.15 14

and Mina: 1986

Largo Remo - North
and Mina: 1979-83 6.09 1.14 14

Largo Remo - West and
Margarita: 1986 - 6.28 1.21 13

Largo Remo - West and
Margarita: 1979-83 6.34 1.23 12




Figure 1. Gonodactylids collected from Largo Remo in 1981 and 1986. Animals
were removed from coral rubble on the north and west sides of the island. All

collections were made in late summer and early fall,

Figure 2. Relationship between body length and cavity volume for Gonmodactylus
collected before the spill (1980) at Margarita and after the spill (1986) at
Largo Remo - North. ‘Cavities containing animals were removed from the field
in late summer and early fall. (Before the spill, N = 119; After the spill,

N = 46).
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EFFECTS OF THE APRIL 1986 OIL SPILL

ON INTERTIDAL REEF-FLAT GASTROPODS



Gastropod Abundance 2

130
INTRODUCTION
Gastropod molluscs are a diverse, abundant and important
group of consumers on many tropical shores (e.g Vermeij 1978,
Lubchenco et al. 1984). In Panama, the ecology and community
' roles of common gastropods have been examined on rocky shores of
both the Pacific and Caribbean coasts (Garrity and Levings 1981,
1985, Levings and Garrity 1984, Lubchenco et al. 1984, Garrity, -
in prep.). However, relatively little work has been done on this
group of potentially important consumers in the more
heterogeneocus coral reef flat habitat.
Brattstrom (1985) examined zonation of plants and animals at
a number of sites, including reef flats, near the Caribbean
entrance of the Panama Canal. Cubit and Williams (1983) cataloged
the molluscs and other invertebrates found on the reef flat at
Galeta Point (see also Radwin 1969). Garrity and Guttierez
(unpublished) quantitatively sampled the density and size
structure of gastropods in different habitats on the Galeta reef
flat between November 1982 and January 1983.

This latter study provides the best available pre-spill data
on gastropod distribution, abundance and size structure from
Galeta. I here use these data, resurveys of the Galeta reef flat
after the 1986 oil spill, and additional surveys of unoiled reef
flats to examine effects of the oil spill to date on the

gastropods that inhabit various reef flat habitats.
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METHODS 131
Seven discrete habitats within the reef flat were sampled.
Running roughly from the shore out toward the reef's seaward
edge, they include: high rubble, low rubble, sand and reef rock,

_ as well as beds of Thalassia testudinum, Laurencia papillosa and

Zoanthus sociatus. The high rubble habitat is on the reef's

shorward margin, and is never submerged; low rubble, sand, and
reef-rock areas are intermittently submerged and emersed
depending upon the tidal cycle and wave action. Seagrass, algae
and zoanthid beds are emersed only during extremely low tides
when seas are calm (see Cubit et al. 1986 for detailed
information on tidal regime and emersion phenomena at Galeta).

Within each habitat, twenty randomly selected 0.25m2 quadrats
were laid along a 50-100m transect line. To obtain estimates of
relative abundance, all gastropods within each quadrat were
identified and counted. To sample molluscan size structure,
common gastropods were collected and shell lengths measured (to
the nearest millimeter). Snails were then returned to the
appropriate habitat.

The initial monitoring was done between November 1982 and
January 1983. The Galeta reef flat was resurveyed in August 1986
(3-4 months after the spill) and November 1986 (6-7 months after
the spill). Less than one week after the August 1986 sampling, a
contract clean-up crew worked through this area, removing oil and
oiled debris from the high and low rubble habitats and using

water hoses to blow o0il from these and from the sand habitat.

These "cleaned" habitats were remonitored about a week after
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cleaning operations. 1 3

The following additional data from the oiled site were
collected: (1) during August 1986 sampling, snails within
quadrats were recorded as having oiled or unoiled shells, (2)

- dead snails that were either cemented to the rock by oil (low
rubble zone) or in a habitat where movement of shells by wave
action did not occur (high rubble zone) were separately counted
along with live individuals in abundance transects, and (3)
collections were made within each of the two habitats for later
measurement of the sizes of dead snails.

Unoiled reef flats were sampled similarly for gastropod
distribution, abundance and size structure in August and November
1986. These were located (1) west of Toro Point, (2) seaward of
Maria Sota and (3) at the mouth of Portobello Bay. Three unoiled
sites were sampled because no one area had all habitats founnd at
Galeta; in fact, no sufficiently large area of Zocanthus could be

located to sample on any unoiled flat.

RESULTS

High Rubble: This zone was characterized by the herbivorous

snails Tectarius muricatus and Nodilittorina tuberculata; other

herbivorous species, notably Littorina angustior, L. ziczac, and

L. lineolata, also were present (Table 1). The abundance of most
species increased considerably between 1982 (before oiling) and
1986 (after the spill) at Galeta. There were slight decreases in

mean density of the three most common species following clean-up
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activities, and possibly a continued decline in numbers for two :13:;
the three between August and November 1986. However, none of

these changes in abundance were statistically significant.

Roughly the same occurred at the control site -- there were

. chénges in mean abundance of the snails present, but none were
significant. Although this habitat is above the high tide mark,

at least some individuals of every species but L. lineolata were
oiled. Forty-nine percent of the Tectarius counted in quadrats,

30% of Nodilittorina, 28% of all Littorina angustior, and 17% of

the L. ziczac had shells coated with oil in August 1986.
Dead snails of the three littorinid species and of

Nodilittorina were found within quadrats in November. Dead L.

2
angustior density was 0.3 + 0.6/0.25m ; dead L. ziczac was 0.2 +
2 2
0.7/0.25m , dead L. lineolata was 0.1 + 0.2/0.25m , and dead N.

2
tuberculata was 0.1 + 0.3/0.25m .

Several species that were absent from the high rubble habitat
at Galeta prior to the spill (and from the control area after the
spill) were found in low abundance after the spill (L.

angulifera) or after the clean-up (Nerita versicolor, N.

tesselléta). These species are usually found lower on the shore

(the latter two) or in mangroves (the former). All were again
absent from the high rubble zone in November 1986. Additionally,

dead individuals of these three species were found in high rubble

. 2
quadrats in November 1986 (0.1 + 0.2/0.25m for L. angulifera;
2 2

1.0 + 1.5/0.25m for N. tessellata; and 0.3 + 0.7/0.25m for N.

versicolor. Two other species, never found alive in this habitat,
2

were found dead in November (Melampus coffeus - 0.8 + 1.2/0.25m ;
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Planaxis nucleus - 0.3 + 0.6/0.25m ).

Size frequency distributions changed little over time in
both oiled and unoiled sites (Table 1). Tectarius did not vary in
median size in any Galeta sample. Median size shifted upwards
. between August and November at the unoiled area. The other three
species that were abundant enough to sample each dropped in
median shell length between 1982-1983 and August 1986, but
changes between August and November 1986 were negligible. Only
dead shells of L. lineoclata were sufficiently abundant to
measure. Their median shell lenth was 11 mm (range 4-13, n = 162)
while that of living snails was 9mm (range 7-12). Thus although
all size classes suffered mortality, there is some indication

that larger sizes were more likely to die.

Low Rubble: The low rubble habitat at Galeta in 1982 was

dominated by the large-bodied, herbivorous snails Nerita

tessellata and N. versicolor; two other neritids were present in

low abundance (Table 2). The three littorinids found in high
_ rubble occurred in greater density in this zone, while N.

tuberculata occurred in lower density compared to higher on the

shore.
Abundances all dropped roughly by a factor of ten between

1982 and August 1986; two species of Nerita and Nodilittorina

disappeared completely. N. tessellata and N. versicolor decreased

further in abundance immediately following clean-up and L.
lineolata and L. ziczac disappeared. However, Planaxis nucleus
and Littorina angustior were more abundant following cleanup.

Most species of snails in low rubble were heavily oiled. One
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hundred percent of Planaxis, Littorina angustior, and L.

lineolata had oiled shells, as did 68% of the Nerita versicolor

and 14% of the N. tessellata. No oiled L. ziczac were found.

In November 1986, four species that had been present in 1982
' were no longer found, and two "new" species had appeared. One of
the latter, Melampus coffeus, is usually found only in mangrove
detritus; the other, Planaxis nucleus, had previously been

restricted to the undersides of rocks in the low rubble habitat.

For the two previously most abundant species, Nerita tessellata

dropped further in density between August and November 1986,

while N. versicolor increased considerably (Table 2). There were

no significant changes in density for any species of gastropod at
the unoiled site.

Much of the substratum in the low rubble habitat was coated
with a thick, viscous layer of oil in August 1986. I counted the
number of dead snails stuck to or covered with oil along with the
counts of live individuals, then removed them. Many could be
identified only to genus. Their abundances (means and standard

2
deviations, n = 20 0.25m quadrats) were: Nerita versicolor -

0.8 + 1.2; N. tessellata - 0.3 + 0.9; N. fulgurans - 0.6 + 1.2;

Nerita spp. - 1.7 + 1.9; Littorina spp. - 0.9 + 1.4; and Planaxis
nucleus - 0.4 + 0.7.

At Galeta, many species of molluscs in the low rubble
habitat became too rare to estimate size frequencies (Table 2).
None of the Littorina species changed significantly in size among
samples; similarly, dead individuals did not differ in median

size from living snails at the same monitoring. N. tessellata
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increased in size between 1982-1983 and August 1986, then
apparently decreasedin size between August and November at
Galeta. This latter resulted from low sample size due to its
decreased abundance -- only 13 living snails were found in

-November. Median size of dead N. tessellata was 13mm in both

August and November. Thus, mortality appeared spread across all

size classes. Although N. versicolor remained more abundant, the

pattern of mortality and size structure was similar to that of N.

tessellata, except median size decreased rather than increased

between 1982-3 and August 1986.

Reef Rock: The only abundant snail in this habitat at Galeta in

1982 was Nerita tessellata; Nerita fulgurans occurred in low

density, as did Littorina ziczac, L. lineata, and Nodilittorina

tuberculata (Table 3). In August 1986, all except the neritids

had disappeared, and both these were less abundant than in 1982.

N. versicolor, not found in 1982, was rare in August 1986, but N.

fulgurans had disappeared. None of the littorinids reappeared by

November 1986, and N. tessellata continued to decline in numbers.

A single chiton, Acanthopleura granulata, was found, and N.

versicolor increased slightly in abundance. On the unoiled reef,

gastropod densities within the reef-rock habitat d4id not change
between August and November 1986 (Table 3).

Only Nerita tessellata was abundant enough to measure after

the oil spill; its size was the same as it had been four years
previously. No empty shells were found, probably because of

nearly constant current and wave action. Hermit carbs were

136
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observed, sheltering in shells of Nerita species (these could not
be assumed to come from the reef-rock habitat, since hermit crabs
are mobile). Finally, there were no significant changes in size

for any species sampled at the unoiled site.

— Sand: Only Battillaria minima occurred on the intertidal sand
habitat of the Galeta reef in 1982; it was patchily abundant in
aggregations. Its abundance had decreased significantly by August
1986 and it virtually disappeared after cleaning of this habitat
by salt-water hoses (Table 4). My observations of the cleaning
process indicated that snails, oil and small detritus were washed
seaward several meters into deeper water. No live individuals of

this species were found in November 1986. Cerithium eburneum

occurred in high density in August 1986, was also washed seéward
by cleaning and did not reappear in November 1986. However, the

small-bodied herbivore Neritina virginea, previously absent,

recruited into the sand habitat in very high density in November
1986 (Table 4). At the unoiled site, C. eburneum was absent in
August and rare in November 1986; B. minima was patchily abundant
in both monitorings, and N. virginea showed considerable

recruitment in November 1986, like it did at the oiled area.

Thalassia: This habitat was characterized by two species of
cerithids, C. eburneum and C. literatum in 1982 (Table 5). In
August 1986, C. eburneum was not found, and C. literatum was
extremely rare; in November 1986, neither species was found. On
the control reef, both species occurred in low abundance during

the August and November 1986 monitorings.
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Laurencia: Galeta's Laurencia zone in 1982 was characterized by
relatively high diversity and low abundances. Both predaceous and

herbivorous gastropods occurred within this habitat; the most

common were Cypraea zebra and Thais deltoidea (Table 6). No
gastropods were found in the two monitorings since the oil spill
(Auguét and November 1986). In the control area, three species

occurred in August and four were found in November, all in low

abundance.

Zoanthus: The 2oanthus zone was also characterized by low
abundance of the species found there (Table 7). Of the five
species present in 1982, none were found in 1986 monitorings. The

only snail found in August 1986 was a single Thais deltoidea.

Three Thais were found in November, along with a total of three

individuals belonging to two other species (Table 7).

DISCUSSION

The effects of the oil spill at Bahia las Minas on gastropod
molluscs inhabiting the nearby Galeta reef flat are as yet an
open question. Any conclusions must be speculative, given (1)
the four year time period between the pre- and post-o0il spill
monitoring, (2) the natural scarcity of gastropods in some
habitats, (3) the patchy distribution of most abundant species
and (4) the limited number (two) of quarterly remonitorings of
the reef flat since the spill.

Based on the limited data on hand, several points can be

made. Of the habitats sampled, oil was most heavily concentrated
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in the low rubble and the emergent portions of the reef-rock
haritats, where wave action added layer after layer of oil to the
rock surface following the spill. Some o0il splashed up onto the
high rubble, which was above the level of the tides. Other

- habitats were primarily affected by oil flowing over them as the
tide rose or fell, but did not collect the amount of oil seen in
habitats exposed to nearly constant wave splash.

Both the reef-rock and the low rubble habitats showed
apparently major changes in gastropod abundance. Prior to the oil
spill, five species inhabited the reef-rock; in August 1982, only
two of these original five remained, and in November, only one,

Nerita tessellata was found. Its abundance decreased markedly

from 1982 when it was the most abundant species in this habitat
and it continued to decrease between August and November 1986.
During the same period, at an unoiled site, it showed a small
increase. In the low rubble zone, nine species were found during
the 1982-3 monitoring. Six of these were still present in August
1986, but the number dropped to four after cleanup activities,
and remained at four in November 1986. Additionally, after the
cleanup, both dead and live snails of species not ordinarily
found in this habitat were observed. Abundances of all species
dropped between 1982-3 and August 1986 and abundances of every
species but Planaxis nucleus (which spends most of its time under

rocks) changed after cleanup. In November, Nerita versicolor and

P. nucleus appeared more common than in August, despite

additional mortality. Size frequency data indicated probable

recruitment in the control reef snails Littorina lineolata and L.
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ziczac between August and November 1986; there appeared to be no
~orresponding recruitment on the oiled reef.

Gastropods are normally rare in areas dominanted by either
Laurencia or Zoanthus, but many species are usually recorded
(Tables 6, 7). Since the oil spill, almost no molluscs have been
found in either habitat. 0il flowed over both areas at Galeta
with each tidal cycle; in some areas the algal mats and zoanthid
beds were completed fouled. At the unoiled Laurencia site, four
species of molluscs were recorded, all in low density.

At Galeta, in areas dominated by sand and Thalassia beds,
there were strong differences between 1982 and post-spill

monitorings. In sand, Battillaria minima dropped in density by an

order of magnitude, but Cerithium eburneum appeared in moderate
abundance immediately after the spill. Both species disappeared
after cleanup operations. Six months after the spill, Neritina
virginea had recruited in high density. At the unoiled control
site, Battillaria was abundant in both 1986 monitorings, as was
Neritina. It appears that the oil spill and subsequent cleanup

operations eliminated Battillaria from sand at Galeta and that an

opportunistic settlement of Neritina has occurred since the
spill. In support of this suggestion, the size structure of
Neritina populations in November was identical at both sites. In

‘the Thalassia bed, there were also strong differences between

pre- and post-spill monnitorings. Two species of Cerithium were
present at Galeta before the spill and were absent or rare after
the spill. However, at the unoiled site both species were also

rare in 1986. Although it seems likely that oil affected the.



Gastropod Abundance 13 - --
1431
gastropods of the Thalassia bed at Galeta, I cannot yet separate
these results from those expected if populations along this
section of the coast were fluctuating in synchrony.

The size data for those species where sufficient data are
— available suggest that mortality has been uniform across the size
range present at the time of the oil spill. As quarterly
monitorings continue, déta on snail size should provide useful
information on sublethal effects and population recovery.

Reef flats are complex communities and the data contained in
this report point out the problems of interpretation when results
could be due to natural variation or to a man-made perturbation.
Until sufficient data are available on the patterns of variation
in reef flat populations (e.g. Cubit et al. 1986), we will be
unable to assess the true magnitude of an event such as an oil
spill. For both those species known to be seriously affected (e.
g. those in low rubble and Zoanthus beds), and for species which
do not at present appear to have been damaged (e.g. those in the
high rubble zone), long-term uptake of hydrocarbons may have as
yet undetected biological effects. Recovery rates will certainly
vary among species, depending upon the details of their 1life
histories, the extent to which larval stages are affected,

interactions among species and stochastic events.
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Density and Size Structure ot Gastropods in the High Rubble Zone

Galeta Reef Flat

Unoiled Control

Pre~Spill Post Spill Post Cleanup
Xl 1982 - 1 1983 Vil 1986 IX 1986 X - XI 1986 VIII 1986 X - X1 1986
Species:
Tectarius 6.0 £+ 8.7 14.8 £+ 10.2 7.2 £13.3 12.1 £+ 11.3 12.0 £ 6.6 10.1 ¢t 4.8
murtcatus 19 (9-24) 18 (9-25) 19 (8-22) 19 (8-24) 15 (131-19) 20 (5-28)
Nodilittorina 3.1 1 2.1 2.2 %+ 3.6 1.4 2 2.7 1.1 £ 1.2 2.0 £ 2.} 1.5 £ 1.5
tuberculata 14 (5-17) 10 (5-16) 9.5 (5-13) 11 (4-15) 9 (7-11) 10 (3-13)
Littorina 4.0+ 8.1 14.8 ¢ 12.8 13.0 %2 18.9 10.4 ¢ 13.5 0 0
angustior 14 (6-17) 10 (3-14) 8 (3-14) 9 (2-12) N. D. N. D,
Littorina 1.72 4.4 0.9 +£1.3 0 0.4 + 0.8 6.6 £ 7.7 8.4 2 6.8
Jineolata 11 (5-10) 9 (1-12) N. D 9 (1-14) 9 (6-13) 9 (3-15)
Littorina 0.2 +# 0.7 0.6 + 1.6 0 0.841.0 10.4 £ 8.9 4.0 2 3.5
ziczac N. D. N. D. N. D. 10 (7-14) 11 (6-16) 11 (3-117)
Littorina 0 0 0.1 2 0.2 0 0 0.2 + 0.5
nebulosa N. D. N. D. N. D. N. D. N. D. N. D.
Littorina (¢} 0.1 £ 0.2 (1] 0 0 0
angulitfera N. D. N. D. N. D. N. D. N. D. N. D.
Nerita 0 (] 0.8 2.7 0 0 0
versicolor N. D. N. D. N. D. N. D. N. D. N. D.
Nerita (¢] 0 0.1 £ 0.3 0 0 0
peloronta N. D. N. D N. D. N. D, N. D. N. D.

For each species and monitoring date, the top number is the mean donsity/O.?Sm2 + one standard deviation
(n = 20 quadrats) and the bottom number s median s1ze with the range of sizes observed in parentheses (sample
size variable, usually > 150). N. D. = no data.



Species:

Tectarius
muricatus

Nodilittorina
tuberculata

Littorina
angustior

Littorina
1ineolata

Littorina

2iczac

Nerita
fulgurans

Nerita
tessellata

Nerita
versicolor

Nerita
peloronta

Planaxts
nuclieus

Melampus

coffeus

fFor each species and monitoring date, the top number 1s the mean density/O.)sz + one standard
deviation (n = 20 quadrats) ana the lower number is the median size with the range of sizes
observed in parentheses (sample size variable, usuaily >150). N, D. = no data.

Density and Size Structure of Gastropods in the Low Rubble Zone

Galeta Reef Flat
Pre-Spiii

X1 1982 - 1 1983

1]
N' Da

0.9¢1.7
10 (5-1%)

8.8¢9.0
11 (5-14)

3.3 4 4.4
8 (4-15)

1.32 2.7
9 (5-14)

0.8t1.5
17 (10-24)

12.1 £ 22.7
10 (5-16)

11.4 2 16.6
18 (12-26)

0.310.7
24 (13-33)

0.6 + 2.2
13 (9-1%5)

0
N. D.

Post Spill

Vill 1986

0.2 £0.7
8 (4-12)

0.1 £0.2
8 (4-11)

0.1 £ 0.2
10 (7-13%)

0
N. D.

1.0 £ 2.5
13 (9-18)

1.3 + 2.2
15 (7-19)

0
N. D.

0.1 £ 0.2
13 (11-14)

0
N. D.

Post Cleanup

IX 1986

0.1 ¢ 0.2
N. D.

0.3 +£0.9
15 (9-18)

X - X1 1986

0.5 2 1.1
11 (8-1%5)

1.24 2.2
N. D.

0.1 + 0.5
N. D.

Unoiled Control

VIII 1986

2.6 £ 3.1
N. D.

2.2 £ 2.1
8 (5-10)

0
Nl D.

5.8 £ 6.7
9 (7-13)

0.9 2 1.2
9 (6-10)
Nl DQ
2.1 £ 2.3
N. D.
1.8 ¢ 2.2
16 (10-18)

0
N. D.

0
N. D.

0
NO D.

X - X1 1986

3.6 & 4.1
N. D.

1.5 ¢ 1.2
9 (5~11)

1]
N. D.

3.5 ¢ 2.8
9 (3-14)

1.0 £1.5
8 (2-11)

0
N. D.

3.3+ 4.8
13 (5-117)

2.6 £ 4.5
16 (7-19)
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Table 3

Density and Size Structure of Gastropods in the Reef Rock Zone

Galeta Reef Flat unoiled Controil

Pre-Spiii} Post Spitl
Xl 1982 -~ ] 1983 vill 1986 X ~ XI 1986 vVill 1986 X - X1 1986
Species:
Nodflittorina 0.1 £ 0.2 (1] 0 1.1 £ 4.5 1.8 ¢ 2.6
tuberculata N. D. N. D. N, D. 7 (3-10) 6 (2-11)
Littorina 1.0¢ 4.0 0 0 5.74 8.7 8.6 £ 8.}
angustior 11 (9-14) N. D. N. D. 4 (1-9) 5 (2-11)
Littorina 0 0 0 9.3+ 8.9 9.0+ 8.0
lineolata N. D. N. D. N. D. § (1-10) 5 (2-11)
Littorina 0.2 + 0.9 (1] 0 0.4 £ 0.7 0.3 £ 0.6
ziczac N. D. N. D. N. D. N. D. N. D.
Nerita 0.3 £ 0.6 0.1 £ 0.2 0 0.4 + 0.7 0.3 £0.6
fulgurans N. D. N. D. N. D. N. D. N. D.
Nerita 10.9 £ 9.4 0.7 £1.2 0.4 +0.9 1.1 ¢ 1.0 1.7 £ 1
tessellata 15.5 (3-22) 15 (10-20) N. D. 11 (6-21) 12 (3-23)
Nerita 0 0.1 ¢ 0.3 0.2 £ 0.5 3.5 + 4.3 4.5 + 4.0
versicolor N. D, N. D. N. D. 15 (6-19) 15 (5-20)
Nerita 0 0 0 0.2 + 0.4 0.4 ¢+ 0.8
peloronta N, D. N. D. N. D. N. D. N. D.
Acanthopleura 0 0 0.1 + 0.2 0.1 £ 0.2 0
granulata N. D. N, D. N. D, N. D. N. D

fFor each species and monitoring date, the top number is mean densftylo.zsm2 + one
standard deviation (n= 20 quadrats) and the bottom number is median size with

the range of sizes observed in parentheses (sample size variable, usuaily >150).
N. D. = no data.
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Table 4
Density and Size Structure of Gastropods in Sand
Galeta Reef Flat Unotled Controil
Pre-5Spill Post Spild Post Cleanup
Xl 1982 - 1 1983 VIl] 1986 IX 1986 X - X1 1986 VIII 1986 X - X1 1986
Species:
Cerithium 0 24.3 2 69.3 0 0 0 0.1 ¢+ 0.2
eburneum N. D. 16 (8-24) N. D. . N. D. N. D.. N. D.
Battillaria 96.4 £ 97.3 11.1 & 41,2 0.1 0.2 0 901.3 £ 1136.5 172.8 £ 176.0 |
minima 9 (4-13) N. D. N. D. N. D. 7 (3-13) 7 (3-14)
Neritina 0 0 (4] 415.0 £ 497.4 1.5 ¢ 6.5 91.5 + 146.3
virginea N. D. N. D. N. D. 3 (1-7) N. D. 3 (1-17)

For each species and monitoring gate, the top number is the mean densitle.Zsz + one standard
deviation (n = 20 quadrats) and the bottom number is the median size with the range of sizes observed
in parentheses (sample size variable, usually > 150). N. D. = no data.



Table §

Density and Size Structure ot Gastropods in the Thalassia Zone

Galeta Reef Flat

Pre-Spill Post Spill
X1 1982 - | 1983 V1l 1986
Species:
Cerithium 4.5 + 6.6 0
eburneum 15 (10-21) N. D.
Certthium 12.3 4 13.1 0.1 £ 0.2
Viteratum 23 (17-30) N. D.
Strombus 0 0
gigas N. D. N. D.

X - Xl

Unoiled Control

1986  VIll 1986 X - XI 1986
0.2+£0.5 0.9¢%1.1
N. D. N. D.
0.340.6 0.7%1.5
N. D. N. D.
0.1 £ 0.2 0
N. D. N. D.

For each species and monitoring date, the top number is the mean densitle.Zsz + one
standard deviation (n = 20 quadrats) and the bottom number is median size with the range
of sizes observea given in parentheses (sample size vartable, usualily >150). N. D. = no data.
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1aviv ©

Species:

Thais
deltoidea
Conus sp.

Leucozonia
nassa
Astraea
phoebia
Opisthobranch
sp. 1
Diodora
dysont
Chiton sp. 1|

Gastropod
sp. 6
Oiivella sp.

Mitra sp.

Cypraea
zebra

Data are mean density/0.25m2 + one standard deviation.
N = 20 quadrats in each monftoring.

Density ot Gastropods in the Laurencia Zone

Galeta Reet Flat
Pre-5Spili

X1 1982 - ] 1983

0.5+ 1.1

2.6

£ 0.2
£ 0.6
+ 0.5
$ 0.3
2 0.4

% 0.3

% 2.6

Post Spill

Unoiled Control

VIII 1986 X - XI 1986

1]
0 0
0 0
0 0
0 0
0 0

0.4+ 0.7 0.2 £ 0.4
0 0.1 0.2

0 0



Table 7

Density of Gastropods in the Zoanthus Zone
on the Gateta Reef Flat

Pre-Spill Post Spill

XI 1982 - 1 1983 VIII 1986 X - XI 1986

Species:

Thais 0 0.1 £+ 0.2 0.2 ¢ 0.5
geltoidea
Cantharus sp. 4] 0

Gastropod sp. 17 0 0 0.1 + 0.3

Heliacus 0.1 + 0.3 (0] 0

cylindricus
Risomurex sp. 0.1 + 0.4 0 0

crenata
Coralliophila 0.4

aperrans .
Olivella 1.0 £ 3.1 s} s}

pusilla

Opalia 0.6 £ 1.1 0
L 4

Data are mean densitylo.zsm2 + one standard deviation.
N = 30 quadrats in 1982-1983 and 20 quadrats in both

other monitorings. :
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0Oil Spill Project:
Reef Flat Studies through December 1986

-(Updates information in 1987 Oil Spill Conference paper and the
supplements of October and December 1986.)

Emergent reef flats form large areas of coastal habitat in
the region of the oil spill. Between 10 and 19 May 1986, extreme
low tides exposed the reef flats above water level as the
thickest oil slicks came ashore; consequently, winds and waves
deposited the oil in concentrations along the seaward margins of
the reef flats. At high tides, the oil tended to float over, and
pass, the reef flat, except where caught by pieces of coral rock
projecting above the reef platform. A program of biological
monitoring conducted at Galeta Reef before the oil spill included
all habitats of the reef flat; sampling intensity was higher at
the seaward edge of the reef flat (Figure 1). The monitoring
quantified variations in the distribution and abundance of the
reef flat biota and all measurements had been made in relation to
a permanent sampling grid on the reef flat. This allowed us to
do three things: (1) compare the distributions and abundances of
reef flat organisms before and after the oil spill, (2) account
for normal seasonal variations, and (3) relate spatial variation
in changes of the biota to the gross pattern of oil deposition on
the reef flat.

Here we use three sources of pre-spill data for post-spill
comparison: (1) surveys of percent cover of sessile species on
the entire reef flat (1981-1982), (2) surveys of percent cover of
sessile species and thickness of the algal bed on the seaward
section of the reef flat (1983-1984), and (3) censuses of sea
urchins on the reef flat (continuous from 1978). Locations of
the sampling areas are shown in Figure 1. These and other
studies have demonstrated that the distribution and abundance of
reef flat species change seasonally (Hendler 1976, Cubit 1985,
Cubit et al. 1986; Kilar, Norris, Cubit, and Hay in prep.;

Connor, Cubit, and Norris in prep., Burgett and Cubit, in press;
Burgett and Cubit, unpubl.).

METHODS
Abundance of sessile species on the reef flat

The abundance of sessile species was measured as percent
coverage. In the reef-edge surveys we also recorded vertical
thickness of the algal turf. We estimated percent cover with
point sampling methods; i.e., by determining what organisms were
under each sampling point of a transect line or quadrat. Points
were treated as exact points, not areas. We distinguished
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organisms actually attached to the substratum from those
overlying or attached to the organisms on primary substratum. In
all the surveys, each species was categorized as follows:

primary cover (species of plants and animals growing directly on
the substratum at the sampling point) or as any of the following
types of secondary cover (drift plants, epiphytes on the primary
cover, and species that overgrow or overlay the primary cover
species). In this system, primary cover cannot exceed 100
percent. Diatoms, bluegreen algae, and sporelings of macroalgae
were classified as "microalgae.” Crustose coralline algae were
not identified beyond this general level of classification,

except the distinctive crustose coralline, Neogoniolithon sp.

Other organisms were identified to species. Bare substrata were
categorized as rock, rubble or sand.

Whole reef-flat surveys-— We made 22 monthly surveys of coverage
of sessile organisms across the range of reef flat habitats

between January 1981 and October 1982. The post-spill surveys
employed the same methods on 25 June and 17 September 1986. Each
month, the percent coverage was measured at 100 randomly chosen
locations on the reef flat. Computer-generated random

coordinates determined the positions for sampling, which were
measured with a surveyor’s tape from permanent markers on the
reef flat. A separate set of coordinates was used for each

survey. The sampling area (Figure 1), excluding foot paths and
surf zone, was about 14,000 m? and was divided into four
subsections. Sampling was random within each subsection, and, the
number of samples per subsection was proportional to the area of
that subsection. Coverage was estimated at each sampling

position using a 0.25 m? sheet of clear polycarbonate plastic (3

mm thick) divided into 100 squares (5 x 5 cm). Within each

square, the exact center point of a randomly placed hole marked
the position for critical examination of the reef surface. All
organisms were recorded as dead, healthy, or covered with
epiphytes.

Reef-edge surveys-- These surveys provided higher-resolution
data in the zone of heaviest oiling. We measured biotic cover

and thickness of cover along transects across the Laurencia and
Coralline zones on the seaward side of the reef flat (Figure 1).
Before the oil spill, surveys were conducted 16 times in the
period between March 1983 and December 1984. After the oil spill
the surveys were repeated in 25 June, 2 Sept, and 4 Dec 1986.

All surveys were performed along 10 permanent transects, 9 to 22
m long (average length = 15.6 m), which were perpendicular to the
reef edge and spaced randomly within 20 m intervals. Using point
sample methods, we determined the spatial coverage of organisms
on the substrate at random points in sets of 5 per 0.5 m

interval. Using a probe, we measured the thickness of turf-
forming algae at each point, thus getting a better measure of
abundance by reducing the tendency to equate percent covers of
organisms with different thicknesses. The number of points
sampled per survey ranged between 1510 and 1560. The positions
of the transects are shown in red on the map of the reef flat.
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Censuses of Sea Urchins

Systematic counts of sea urchins at Galeta were made in
permanent transects or plots in all major communities of the
reef-flat. The principal species of sea urchins were Echinometra
lucunter, E. viridis, Lytechinus variegatus, Diadema antillarum,
Eucidaris tribuloides, and Tripneustes ventricosus. Some
transects have been censused since 1971, but here we use data
since 1978, when all plots were being censused simultaneously.
The urchins were counted in fixed transects and plots. The
transects were 1 x 20 m; the plots ranged in area from 15 to 29
m2, There were 3 transects and 12 plots at Galeta {Map of reef
flat). The urchins were counted species by species within a
square meter quadrat moved over the census area. Counts were
made once per month, depending on water conditions. To
standardize results, we report all densities as the number of
urchins per 10 m2, :

RESULTS
Changes Immediately following the Oil Spill (May-June 1986)

Sessile Species

The remains of dead organisms and the smell of decomposing
invertebrates in the weeks following the oil spill indicated
heavy mortality of biota on the reef flat. By the first week of
June 1986, a distinct, light-colored band 1-3 m wide of vacated
carbonate substratum, dead corals, and bleached coralline algae
appeared at the extreme seaward margin of the reef flat--the area
which had been awash in oil during low tides. The reef flat
populations of hydrocorals Millepora spp., scleractinian corals
Porites spp., and zoanthid Palythoa caribaeorum only occurred on
this part of the reef flat; their combined abundance within a 2 m
wide band at the extreme seaward edge of the reef flat was
reduced from an average of >10X% coverage in pre-spill surveys to
<3% in June 1986 (Table M p.14). Another zoanthid Zoanthus
sociatus has a wider range of distribution than the other
cnidarians; its abundance was also reduced within 2 meters of the
seaward margin of the reef edge, but not further away (Table M
p-13). Overall, the post-spill abundance of sessile cnidarians
(anemones, zoanthids, scleractinians, and hydrozoans) in the full
width of the reef edge surveys was reduced to about 60% of pre-
spill measures (Table T). Not counting Zoanthus, the overall
post-spill reduction of cnidarians in the reef-edge was to <10%
of pre-spill averages; in a 2-cluster K-means analysis of these
data for all surveys, the June and September 1986 data separated
from all the rest at p<.001. The same result in K-means analyses
were obtained using just the data for Palythoa alone, and for all
species of cnidarians together. Sample sizes for cnidarians were
relatively low in the whole reef-flat surveys. The mean June
coverages for the more abundant Zoanthus sociatus showed a post-
spill increase for reef flat as a whole (Table Consurv).
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In pre-spill surveys, crustose coralline algae formed a
distinct zone along the seaward margin of the reef flat. Within
the first fivec meters from the reef edge, the June 1986 coverage
of crustose coralline algae was less than a tenth of the coverage
recorded in the pre-spill months of June. Crustose corallines,
including Neogoniolithon sp. nov. (cf. westindianum), that were
further from the seaward edge of the reef flat showed no such
reduction in the reef edge surveys (Table M p.9). The overall
reduction of coralline algae, exclusive of Neogoniolithon, in the
reef-edge zone was reduced from a pre-spill average of 5.8% to
2.3% in June 1986. In a 2-cluster K-means analysis, the June
1986 separated from all other surveys at p<.005. In the whole
reef-flat surveys, the post-spill abundances of the crustose
corallines, including Neogoniolithon showed no unusual changes
for the month of June (Table Consurv).

The alga Laurencia papillosa formed a dense, turf-like zone
that paralleled the shoreline in a band averaging about 20 m wide
and 20 mm thick in 16 reef-edge surveys conducted before the oil
spill. The coverage and thickness of the bed varied seasonally,
and was normally at its lowest coverage (about 30%) and its
thinnest (about 10 mm) in the months of June. During the spill,
oil coated the upper branches of the L. papillosa. After the
algae died back, both the coverage (20%) and thickness (0.7 mm)
of the turf in the reef edge surveys were lower than in any
surveys before the spill (Tables M pp. 3 & 3a, T, Fig M). L.
papillosa generally forms >90% of all the cover of fleshy
macroalgae at the reef edge, and the figures for this broader
category follow those of L. papillosa (Table M p.4). In the
whole reef-flat surveys for the months of June, the post-spill
abundances of L. papillosa were comparable to coverages recorded
before the oil spill (Table Consurv).

In the June 1986 surveys, the abundance of Halimeda opuntia
was more severely reduced in the seaward portions of the reef-
edge habitat (Table M p.10). H. opuntia was common on the entire
reef flat and in the whole reef-flat surveys, post-spill
abundances of this alga were slightly lower than pre-spill
abundances in the month of June (Table Consurv).

Despite the large mortality of sessile organisms, little of
the reef-edge substratum was barren after the oil spill. In June
1986, the total proportion of the reef edge habitat that was bare
rock was 1%, which was lower than any previous record (Table T).
The reduction in free space was most pronounced at the seaward
half of the reef edge habitat, where the amount of bare rock in

the months of June normally exceeded 10% of the space; in June 1986, bare

rock accounted for less than 1% of the space in the seaward half
of the transects (Table M p.16), even though this was the zone of
highest mortality. In surveys of the reef-flat overall, the
amount of bare rock was slightly higher after the oil spill

(Table Consurv).

The absence of free space at the reef edge in the month
after the oil spill was largely a result of a bloom of

o
=
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microalgae, which covered 54% of the reef edge zone (Tables T and
M p.1), and was most abundant in the seaward half of the reef
edge zone--the ares 2f heaviest oiling (Table M p.1). In pre-
spill surveys in the month of June, microalgae had not covered
more than 29% of the reef edge zone, and most of these microalgae
normally occurred in the landward half of the reef edge zone
(Figure M, Table M p.1). In a 2-cluster K-means analysis, the
coverage for microalgae in June 1986 separated from the coverages
in all other surveys at p<.001. The post-spill bloom of

microalgae was present as the oil sloughed off the substrata and
in some cases covered oil on substratum. On 7 June 1986, visual
inspection of the reef edge habitat showed that it was being
colonized by a thin, transparent mat of algae. Six samples of

this mat were examined microscopically in the laboratory.
Cladophora sp., Enteromorpha sp., and epiphytic diatoms
consistently made up >90% of each sample. On 29 June, the mat
had become thicker and had overgrown both the vacated substrata
and the sessile organisms that had survived the oil spill. In a
second systematic collection of 18 samples, Cladophora sp.,
Centroceras sp., and diatoms uniformly composed >90% of the algal
volume. Enteromorpha was no longer present. In contrast, the
surveys of the whole reef flat showed that the microalgae
occupied little primary space either before or after the oil

spill (Table Consurv).

The seagrass Thalassia testudinum formed only 1-2% of the
coverage in the reef edge habitat (Table T), all of which was in
the landward part of the sampling area (Table M p.12). On the
reef flat overall, however, Thalassia constituted 13 to 15
percent of the biotic coverage in the months of June. The post-
spill coverage of this seagrass was not significantly lower in
either sampling area (Tables T and Consurv).

Sea urchins

By mid-May of 1986, numerous empty tests in the reef-edge
zone indicated a high mortality of sea urchins (principally
Echinometra lucunter and E. viridis). In the transect near the
reef edge, the numbers of E. lucunter per 10 m? dropped from 154
on 8 May (when the oil began to arrive) to 27 on 31 May 1986
(after the largest masses of oil had come ashore). The count for
E. viridis declined from 28 to 4 in the same period. No urchins
were found where deposits of oil still covered the transect. By
19 June 1986, densities of E. lucunter and E. viridis in the reef
edge transect had increased, respectively, to 66 and 10 urchins
per 10 m2,

The urchins further from the reef edge were less affected.
In the two May censuses of the Thalassia zone transect, the
number of E. lucunter per 10 m2 declined from 55 to 51, and E.
viridis dropped from 28 to 15. In the east reef transect, the
populations of both Echinometra species increased between the May
counts: E. lucunter densities rose from 17 to 20 per 10 m?, and
E. viridis rose from 8 to 12 per 10 m?2. The 19 June 1986
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census of the Thalassia transect showed a further decline of E.

lucunter and E. viridis, respectively, to 9 and 3 urchins per 10

m:. The June cen<us of the east reef transect showed almost no
change in the abundance of urchins.

In the other census plots within the Thalassia bed, the
counts of E. lucunter and E. viridis, respectively, declined from
29 to 21 and 25 to 14 urchins per 10 m2, Censuses in the
Thalassia bed required examining the undersides of pieces of
coral rubble. In the 19 June 1986 census, oil was still trapped
beneath the rubble and floated to the water surface as the rocks
were lifted. In the other three sets of census plots (Figure 1),
populations of urchins were near zero before and after the oil
spill. In all plots the densities of the other species of
urchins were also too low to compare pre- and post-spill changes
in abundances.

Compared with May-June changes before the oil spill, the
relative reduction in abundances of E. lucunter and E. viridis in
the reef edge transect between 8 and 31 May were much larger than
recorded previously (Figs. U). Despite the recruitment of
urchins in early June 1986, the relative reductions in abundance
were also aberrant for the period between 8 May and 19 June 1986
in this transect (Figs. U). In other habitats, further from the
reef edge, the relative changes in the abundances of E. lucunter
were not unusual. In the Thalassia habitats, however, E. viridis
did show larger than usual relative decreases in abundances
between 8 and 31 May 1986 and between 8 May and 19 June 1986.

The oil spill apparently occurred during a period of
settlement of E. lucunter and E. viridis. In the pre-spill
survey of 8 May 1986, about 80X of the E. lucunter and 90X of the
E. viridis in the reef edge transect were less than 1 cm in test
diameter. On this date, all the Echinometra spp. in the
Thalassia bed surveys were also in this size class. In the post-
spill surveys of 19 and 20 June 1986, more than 95% of the E.
lucunter and all of the E. viridis in the reef-edge and Thalassia
bed censuses were in this small size category.

Longer-term changes (June-December 1986)

Sessile Species

Surveys of the reef-edge habitat conducted in September and
December 1986 showed little regrowth of the corals, zoanthids,
and other cnidarians that had occupied the seaward margin of this
zone before the oil spill. The crustose coralline algae,
however, did increase to pre-spill abundances. The mean percent
cover and vertical thickness of L. papillosa also increased to
values within the range of those recorded before the spill.
Moreover, the L. papillosa spread seaward, occupying more of the
outer two meters of the reef edge survey area than seen in any
previous surveys.
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Both the reef-edge surveys and the whole reef-flat surveys
in September 1986 showed a drop in the abundance of Halimeda
opuntia to the lowest coverages on record. Only the reef-edge
surveys were repeated in December and indicated a small, possible
increase of this alga, but coverages in December 1986 were still
below those recorded in June 1986 or at any time before the oil
spill.

The amount of bare rock at the reef edge increased slightly
in September 1986, but in December 1986 the bare space in all
meter intervals was 2% or less, and the mean bare space per meter
interval was near zero. The coverage of microalgae decreased
after the June 1986 surveys, dropping from 54X in June to 18X in
September and 12% in December 1986. Contrary to pre-spill
patterns, however, most of the microalgae remained in the seaward
half of the reef-edge transects.

Sea Urchins [note--the following data are in the Urchin Tables]

The post-spill decrease and rise of Echinometra populations
in the reef edge transect in May-June 1986 were followed by
gradual changes in abundance that were standard for the same
times of year in the pre-spill years. In November and December
1986 the number of E. lucunter was 75 and 53 per 10 m?,
respectively, as compared with 1977-1985 means of 47 (s.d.=42)
and 135 (s.d.=150) urchins per 10 m? for the same months before
the spill. The counts of E. viridis for November and December
were 10 and 8.5 urchihs, respectively, per 10 m?, as compared
with the long term means of 5 (s8.d.=7) and 6 (s.d.=5) urchins per
10 m? for the same months before the spill.

Lytechinus variegatus is normally absent from the reef flat
in the midyear months when the oil spill occurred, but
recolonizes at the end of the year (Hendler 1976, Cubit et al.
1986). The post-spill recolonization took place as usual
beginning in September 1986. By December 1986, the counts of L.
variegatus in the Thalassia bed plots were over 100 urchins per
10 m2. The seasonal mean for this time of year during 1977-1985
was 49 (s.d.=88) urchins per 10 m2.

DISCUSSION

The spatial patterns of mortality indicated that prolonged,
direct oiling was the principal factor causing immediate
reductions in the abundance of the benthic biota on the reef
flat. Where oil accumulated and surged over the seaward flanks
of the reef flat during the low tides of nine consecutive days in
mid-May, all major biota were reduced in abundance. Most of the
same taxa that occurred away from the reef edge appeared to be
less affected. This suggests the high mortality at the margin of
the reef flat was not entirely due to this zone being inhabited
by species that were hypersensitive to the oil, or that the

15
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mortality resulted from conditions that occurred at the same time
as the oil spill, but were otherwise unrelated to the oil.

Adaptations to the harsh physical conditions on the reef
flat may have contributed to the recovery of some species after
the oil spill. Although the abundances of the reef flat biota
decline each year during the seasonal, physiologically stressful
emergences of the reef flat (Birkeland et al 1976, Hendler 1976,
Cubit 1984, 1985, Cubit et al. 1986), the reef flat species
persist by regrowth from clone-mates, regeneration from resistant
basal tissue, or by rapid recruitment of juvenile stages. For
example, during seasonal drying of the reef flat, the branches of
the L. papillosa turf are killed, but this alga regenerates
during more favorable conditions by regrowth from basal portions
of the thalli (J. Burgett, unpubl. data). The same mechanism may
have operated after the upper thalli of the Laurencia were lost
when coated with oil.

The populations of sea urchins on the reef flat also suffer
heavy mortality during emergences of the reef flat (Hendler 1976,
Schneider 1985, Cubit et al. 1986). Populations of L. variegatus
-on the reef flat generally decline to zero during the seasons of
emergences, and thus were already absent at the time of the oil
spill. In this season, the populations of E. lucunter and E.
viridis usually increase, presumably because concurrent
recruitment more than compensates for mortality. These urchins
are generally most abundant between March and June, when E.
lucunter may reach population densities of more than 500
individuals per 10 m2 (Cubit et al. 1986) The small sizes of the
Echinometra species just before and after the oil spill, suggests
that recruitment was in progress at the time and continued long
enough after the worst part of the spill to partially restore the
numbers of urchins in the cenBus plots. In three of the eight
years between 1978 and 1985, multi-month recruitment episodes
raised the densities of E. lucunter in the reef edge transect to
more than 300 urchins per 10 m2. This population might have
peaked again in 1986, if not for both the 83% reduction between 8
and 31 May 1986 and the probable loss of urchins recruiting in
the meantime.

The post-spill decrease in abundance of E. viridis in the
Thalassia bed transect and plots may be related to the fact that
this urchin stays well beneath pieces of coral rock on the reef
flat, 2 microhabitat where visible amounts of oil persisted after
the spill. E. lucunter, which remains more on the open surface
of coral rubble, exhibited no such decline.

Post-spill changes in the abundance of Halimeda opuntia did
not fit the general pattern. In June 1986, the percent coverage
of this calcareous green alga was lower than average, but within
the range of values recorded in the pre-spill surveys; however,
in September 1986 the coverage was about half that measured in
June, and was the lowest abundance ever recorded (Tables T and
Consurv). Any combination of the following explanations are
possible: (a) this alga dies slowly; (b) because this alga is
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tougher than most, the thalli take more time to slough off the
subtratum; (c) the dense masses formed by this alga may have
gradually accumulated more oi! over time until the clumps were
killed; (d) the abundant growth of L. papillosa and other fleshy
algae may have overgrown or displaced the H. opuntia. Unlike the
other common algae of the reef flat, Halimeda opuntia had not
recovered to its pre-spill abundance by the December 1986 census
of the reef edge.

The bloom of microalgae in the heavily oiled areas was
comparable to the "green-shore phenomenon” that has been reported
in association with other oil-spills, both temperate and tropical
(e.g., Bellamy et al. 1968; Southwood and Southwood 1978; Russell
and Carlson 1978). There is no consensus as to their cause, and
three categories of explanations have been proposed: (1) The oil
acts as a fertilizer or other stimulant for algal growth (Nelson-
Smith 1971; Kauss and Hutchinson 1975); (2) Organisms that
compete with the algae are killed or weakened (Bellamy et al.
1968; Russell and Carlson 1978); and (3) Numbers of herbivores
are reduced (Bellamy et al. 1968). The bloom was most extensive
in the area of heaviest oiling and greatest mortality of
herbivores and competitors at the seaward margin of the reef
flat, so any combination of these explanations could be correct.
The same explanations may also account for the unusual seaward
expansion of the Laurencia papillosa bed. Whatever the
explanation(s), the fact that extensive mortality of the benthic
fauna and flora resulted in less, rather than more, bare space
indicates that after the oil spill, an extraordinary change took
place in productivity of the algae, consumption by herbivores, or
interactions, such as swamping of herbivores and competitors.

The changes observed may have long-term impact on the
physical structure and biological environment of the reef flat.
The mortality of hydrocorals and scleractinian corals at the reef
edge may diminish the accretion rate of the reef flat as a whole.
The growth of various types of corals and crustose coralline
algae at the seaward margin of the reef flat formed a bulwark
behind which sediment and coral rubble accumulated to form the
much larger platform of the reef flat. These organisms also
contributed part of the rubble (Macintyre and Glynn 1976, Graus
et al. 1985). Halimeda opuntia produced much of the sediment.
The height of the reef flat edge is critical to the amount of
wave energy reaching the inner reef flat, beaches, mangroves, and
other habitats protected by the bulwark. Biological accretion is
necessary not only to maintain this structure against erosion,
but also to keep pace with sea level, which is rising at a rate
of 1-2 mm/yr and may accelerate within a few years (Gornitz et
al. 1982, Barnett 1983, Cubit 1985). The effects of reducing
the relative height of the reef flat edge are amplified by the
relationship that the maximum amount of wave energy passing over
a structure increases as a square of the depth of the water over
the structure (Bascom 19 _ ).

Although the coralline algae had increased to pre-spill
abundances by December 1986, the narrow band of corals had not
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yet recovered. Persistence of the coralline algae and
reestablishment of the corals may depend on removal of the
microalgae and control of Leurencia turf by herbivores (Dart
197__, Vine 197__, Adey and Vassar 1975, Lubchenco and Cubit
1980). Thus, the recovery of some reef flat populations may not
just be a function of disappearance of the of oil or arrival of
propagules, but also the reconstruction of biological

interactions that existed before the spill.
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Zonal distribution of orgapnisms and unoccupied substrate at
the seaward edge of the reef flat at Punta Galeta.
percent covers versus the landward distance ("smtr") along a
series of permanent transects perpendicular to the reef edge.
The numbers 8303 to 8612 designate years and months of the
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srosstab average peti for yraon by sstr from petcovg where +

eq Fleshy
::trq: 303 8304 8305 8306 8309 8310 8402 $403 8404 405 $406 8407 8409 8410 8411 8412 8606 8603 8612 (Row mean)
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These are meter corrected data in CTPCT.TAB

10
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atr § 8303 8304 8305 8306 8309 8310 8402 8403 8404 8405 8406 8407 8409 8410 8411 8412 8606 8609 8512 (Row mean)

rosstab average peti for yraon by satr from petcovg where ¢

p eq Mleshyc
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these are meter corrected dats in CTPCT.TAB
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sutr | 8303 8304 8305 8306 8309 8310 8402 8403 8404 8405 8406 8407 8409 8410 8411 8412 8606 8609 8612 (Row wean)

crosstab average pcti for yraon by satr from pctcovg where +

sp eq Cord
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These are meter corrected data in CTPCT.TAB
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satr | 8303 8304 8305 8306 8309 8310 8402 8403 8404 8405 8406 8407 3403 8410 8411 8412 8606 8609 8612 (Row mean)

crosstab average pcti for yrmon by satr from petcovg where +

sp eq v
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These are neter corrected data in CTPCT.TAB
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atr ! 8303 8304 8305 8306 8308 8310 8402 8403 8404 3405 8406 8407 8408 8410 8411 8412 8606 8509 8612 (Row mean)

rosstab average pcti for yraor by sstr froa pcteovg where ¢

p ¢q Cor
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srosstab average peti for yraon by sstr from pcteovg where ¢

tp ¢q CorC
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crosstab average pcti for yrmon by satr from petcovg where ¢

speql
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rosstab average pcti for yrson by satr froa pcteovg where +
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These are seter corected data in CTPCT.TAB
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osstad average pcti for yrson by satr from pcteovg vhere ¢
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srosstab average peti for yraon by satr from petcovg where ¢

1peqls

satr | 8303 8304 8305 8306 3309 8310 8402 8403 8404 8405 8406 8407 8409 8410 8411 8412 8606 3609 8612 (Row mean)
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srosstab average pcti for yrson by satr from pctecovg where +
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srosstab average pcti for yraon by satr from pctcovg where ¢

ip eq 8po
mtr | 8303 8304 8305 8306 8309 8310 8402 3403 8404 8405 8406 8407 8409 8410 8411 8412 8606 8609 8612 (Row mean)
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These are neter corrected data in CTPCT.TAB



BOCEPCTZ.TAB (crosstab sua pcti for yrmon by satr from rcovg)
Percent of substrate as bare rock listed for survey by meter from seaward end of transects.

satr | 8303 8304 8305 8306 8308 8310 8402 8403 8404 8405 8406 8407 8409 8410 8411 8412 8606 8609 8612
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1able Lovvsurv

Ctablc. tab. 193
Percent covers (primary only) of sessile organisms
on the reef flat at Galeta, from whole reef-flat surveys.
N=9700-10000 points per survey.
Pre-spill surveys Post-spill
- sp# Jun81 Sep81 Jun82 Sep82 Jun86 Sep86
4 .02 .02 .02
7 .17
8 .01 74
14 .91
19 .03 .22
25 .03 .53 .02
%27 5.85 7 5.62 4.88 4.60 3.52 2.7771 Halimeda opunts
30 .01 .04 .21 .35 .99 .50
42 .01 .02
45 .17 .01 .66
46 .03 .11 .05 .16 .10 .37
53 .01 .02
56 .06 .08 .07 .01 .21
62 .01
65 . .20
66 .02 .01 .17 .01 .08
67 .62 .04
68 .01
87 .04
88 .03 .42 .23 .71 .57
90 .21 .12
91 .02
94 .01
206 .03 .04
212 1.07 1.03 1.57 .45 1.24 .13
216 .40 .39 .07 .08
2217 .02 .01 .03 .01
2317 1.58
240 .02
241 .51 .85 .66 1.15
246 .11 .29 .35
SMQMQIQ-& 2.420w:1, 98 wuvmmeer 2,10 - L8363 Crustose Consllines
253 e 4437 136 1766 T 4,07 1. 79% !)wgamohb\on Wi
2717 .03 .05 .08
282 .04 .13 .03 .22 .06
298 .02 .08
299 .06 .01 .01
300 .01 .03 .26 .19
304
313 .01 .18 .01 .01
319 .01
321 .05 .18
323 .01



324 .10
325 .01

346 01 2.67  1.27 - 7.04
353 .06
CEARARRE 8- 027%163 69,5519, 145~ 34, 48
355 .01 .05 .08
356 .01
361 .06

387 .05 .07
388 .06
389

00. - 22.06 1o 16.71
%33““'§¥g§g“‘“97§1 9.82
407 25.17 16.46 19, 34 8.13
W25~ 8T 2T SRR 0T
411 .01 .01
416 .73 .37 .40 .56
420 .01

430 .01
(45675 - 2,04  3.17 . 2.40 3.35
461 02 .02

462 .35 .17 .08
469 .24 .38 .24 17
476 .02 .16
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Total percent covers in reefedge surveys estisated froa point-intercept

1510 to 1560 points were examined per survey.
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/0O WIS 50 .00 150 .0 00 .00 .00 .00
90 9.0 .00 .00 .00 .00 .00 00 .00 .00
92 9.8 .00 .00 15 .0 .00 15 .00 .00
93 W .0 .0 1% %0 .00 S0 .00 .00
904 9.5 .00 .00 105 .00 .00 .00 .00 .00
95 9.3 .00 .0 95 .0 S0 .00 .00 .00
906 M2 00 .00 1150 .00 .00 .00 .00 .00
797 M50 .00 .00 1.5 .00 00 .00 .00 .00
798 79.58 1% .00 11.5% .00 .00 .00 .00 .00
%9 M6 00 .00 65 .00 .00 .00 .00 .00
®O BB .0 .00 600 .00 00 00 .00 .00
W11 W8 .00 .00 500 .00 .00 .00 .00 .00
P2 NBR .00 M 00 00 00 .00 .0 .00
g02 80.08 .0 .00 2% .00 .00 .00 .00 .00
g4 80.25 S0 .00 15 .0 00 00 .00 .00
B05 8.3 .00 .00 00 .00 00 .00 .00 .00
8006 80.42 .00 .00 55 .0 00 .00 .00 .00
8007 80.50 .00 .00 8.00 .00 100 .00 .00 .00
B0 80.58 .5 .00 9.5 .00 .00 .00 .00 .00
8009 80.67 .50 .00 400 50 .00 .00 .00 .00
810 8.75 .00 .00 400 00 .00 .00 .00 .00
g0]] 80.83 .00 .00 S00 .00 50 .00 .00 .00
Bl0] 8.00 .00 .0 1.5 .00 .5 100 .00 .00
8103 8.7 .0 .00 85 .00 100 .00 .00 .00
814 8125 .50 .00 2700 00 15 .00 .00 .00
8105 8L .00 .00 4200 00 S50 .00 .00 .0
8106 8142 .00 .00 3.00 00 35 .00 .00 .00
8107 BLS0 .00 .00 46.00 .00 400 .00 .00 .00
8108 61.58 1.00 .00 465 .00 50 .00 .00 .00
8109 B81.67 .00 .00 355 .00 300 .00 .00 .00
B110 8175 .50 .00 31.00 .00 25 .00 .00 .00
8111 81.83 .5 .00 1900 .00 250 .00 .00 .00
8112 B2 .50 .00 13.00 .00 300 .00 .00 .00
801 &.00 .00 .00 65 .00 15 .00 .00 .00
8202 @08 .00 .00 1100 .00 3.0 .00 .00 .00
8203 8.17 .00 .00 1200 .50 100 .00 .00 .00
g4 €225 .00 .00 12600 .50 100 .00 .00 .00
g05 €3 .00 .0 1200 .00 .00 .00 .00 .00
8206 8.4 .00 .00 1150 .00 00 .00 .00 .00
8207 2% .00 .00 25 .00 50 .00 .00 .00
808 82.58 .0 .00 65 .00 200 .00 .00 .00
g0 82.67 2.5 .00 400 .00 15 .00 .00 .00
g0 8.5 2.5 .0 200 .0 .00 .00 .00 .00
g1 8.6 200 .00 25 .00 .5 .0 .00 .00
301 £.00 .00 .00 45 .0 .00 .00 .00 .00
8302 €.08 .00 .00 135 .0 00 .00 .00 .00
B3 €3.17 .00 .00 125 .00 .0 .00 .00 .00
804 8.5 .00 .00 285 .00 .00 .00 .00 .00
805 €.3 .00 .00 300 .00 .5 .0 .00 .00
8306 83.42 .00 1.5 185 .00 .00 .00 .00 .00
8307 83.5 .00 100 2.5 .00 .50 .00 .00 .00



810
812
8402

8405
8407
8408
8409

8410
841l

8510
8511

8605

8407

8610
81!

8.6

8.7
8.9
84.08
84.17
8.5
84.33
84.42
84.50
84.58
84.67
84.75
84.83
85.00
85.08
8.7
85.25
8.3
85.42
85.50
85.58

- 85.67

8.7
85.83
86.08
86.17
86.25
8.3
86.42
86.50
86.58
86.67
84.75
84.83

83832333333383833838388883388883383383888

B38383333333¥3883¥38833838383883383838388888

12.5
9.50
.00
6.5
13.5
20.00
91.50
88.50
43.00
43.00
51.5%
41.00
.50
16.50
14.00
16.00
20.00
.5
20.00
19.00
4.5
11.5
19.00
13.00
2.00
1.00
8.00
1.00

1.00
2.50
2.00

83323383833383338338388388833838888383kakikB888S

833333383 33k388883KKKLELESR

sssssBE38333838333838Kka388388888888

B33323333333333383833333338333333338888

B33333338383388883888388383833333883838888

Q



. .M
yrson  plotdate Dﬁ?ﬂﬂ EOON  ELIC  EWCID

M

EVIR LYTVAR LYTRILL

wm

g

810
79501
502
7903
904
1905
7906

8010
6011
8101
8103
8104
8105
B106
8107
8108
8109
8110
8l11
8112
8201
8202

8205

8207

8210

8211
8301

8305

8307

810
812
8402

8404
8405
8406
8407

B
5.00
75.08
LAY
N3
1.3
6.4
"N.50
n.8
5.6
1.5
n.83
.92
80.08
8.5
8.3
80.42
80.50
80.58
80.67
80.75
80.83
81.00
81.17
81.25
81.3
81.42
81.50

81.58 -

81.67
BL.75
81.83
81.92
82.00
62.08
82.17
8.2
82.33
82.42
82.50
82.58
82.67
82.75
82.83
83.00
83.08
8.1
81.25
8.3
83.42
83.50
83.58
8.7
83.92
84.08
84.17
84.25
84.33
8.2
84.50

88888383338 8333838838383vbya3383k8KLE83883KE3383838333 38R RRERRRREBRR

—

8833333883333 333333333333333338838333388333833383833888888

88388888

6.61
2.5
.00
2.7
n.n
a4.17

L8y83383LER

58

10.33
18.17

9.61
1.3
17.17
21.00

8.83

3.50

3.61

2.50

2.5
2.5
5.5
3.50
4.00
1.61
en
2.50

10.33
2.1

53.61 -

an
6.5
TRY

a.1n
21.50
16.50

.1
582.17
40.83
3.0
42.00
7.8

B8R LSRR8 KL LLEEER3KEE8383333333333333r888388S

—

BL8383L3v3RBRLLRLLRILELELYBR3333333K333333383838388:

g
s
"~

8

2.50
15.83

TS S
BERESS8

.

B33383333833kskE38333838338383388

888BBuBR3333883338RRRLkaRERERERY

S

< A

‘8228883883338 33333833333833833888833 s8R REREREER

8288838383333 3883833 3338338333333 R BRREREREREERES

210



211

8888888888888 888888888
88888888888888888888888
Wwwwwwwwwwmmwmwwwwwwww

Ko

Wwwwwwwwmmwmmmwwmwwwwm

MR R8888R888R8R83
C ot M) =4 o - —

— et e

rR88-ARY RACRBESARARS LI
(3080688088388 88E8E88S
EECEEEFEEEEEER EREER L EE




The Department of the Interior Mission

As the Nation's principal conservation agency, the Department of the Interior has responsibility
for most of our nationally owned public lands and natural resources. This includes fostering
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity;
preserving the environmental and cultural values of our national parks and historical places;
and providing for the enjoyment of life through outdoor recreation. The Department assesses
our energy and mineral resources and works to ensure that their development is in the best
interests of all our people by encouraging stewardship and citizen participation in their care.
The Department also has a major responsibility for American Indian reservation communities
and for people who live in island territories under U.S. administration.

The Minerals Management Service Mission

As a bureau of the Department of the Interior, the Minerals Management Service's (MMS)
primary responsibilities are to manage the mineral resources located on the Nation's Outer
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian
lands, and distribute those revenues.

Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program
administers the OCS competitive leasing program and oversees the safe and environmentally
sound exploration and production of our Nation's offshore natural gas, oil and other mineral
resources. The MMS Minerals Revenue Management meets its responsibilities by ensuring the
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and
production due to Indian tribes and allottees, States and the U.S. Treasury.

The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being
responsive to the public's concerns and interests by maintaining a dialogue with all potentially
affected parties and (2) carrying out its programs with an emphasis on working to enhance the
quality of life for all Americans by lending MMS assistance and expertise to economic
development and environmental protection.
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